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Dear Mathematics Educators:
I am excited that the second issue of the Transformations Journal is ready for your use.:  This journal will be 
made available both in print and online.  There will be two issues per year. I encourage you to submit yyour research 
articles so that we can share with the mathematics educators around the country.  I also invite you  to nominate a 
colleague or self nominate to serve on our Board so that we can help make a difference in the K-22 mathematics 
education community in the state of Florida and throughout the country.  
As an affiliate of the Florida Council of Teachers of Mathematics (FCTM), I am looking forward to achieve 
the following goals over the next two years: 
1. Annual FAMTE Conference to promote the improvement of Florida’s mathematics instructional programs and to promote 
cooperation and communication among the teachers of mathematicscs and mathematics teacher educators in Florida.
 Promote scholarly publications
2. FAMTE Board represented by at least one K-12 Mathematics Teacher educators
3.
With Warm Regards, 
Hui Fang Huang "Angie " Su, 
FAMTE President & Editor of 
Transformations
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Introduction
“I am sure that no subject loses more than mathematics 
by any attempt to dissociate it from its history.”
--Glashier
The above quote has certainly been a complaint by many in the western world studying 
mathematics.  Many learners are taught mathematics through a drill and practice and sometimes 
a constructivist manner using manipulatives, yet seldom do our young people learn the history as
to where algebra came from, or why geometry is important for logic, or what brought about 
peoples’ interest in improving their chances of winning at a game of craps as it relates to data 
analysis and probability. The math we now use and teach is usually always taught in isolation 
from its history.
Around the world demographics are changing considerably with increased globalization. Many 
countries are affected by larger and larger populations of immigrants, whether in Europe from Morocco 
and northern African countries, or South Africa from people from Zimbabwe, or Malaysia from 
Myanmar and neighboring countries, or Canada and the USA from Central and South America countries.
Math can be made more meaningful for our students when educators make meaningful historical and 
cultural connections to the math they are learning while valuing their heritage. The study of the cultural 
and historical contexts of ancient civilizations can be an intriguing way to introduce students to the 
evolution and logic of today's mathematics (Bidwell, 1993; McNeill, 2001; Wilson, 2001; Zaslavsky, 
2002; Farmers & Powers, 2005). Students can benefit greatly by learning about their ancestors’ math, 
other cultures symbols, and even how zero was represented in another civilization.  The purpose of this 
paper is to: 1) to briefly explore the ways mathematics can relate its history; 2) to provide suggestions 
for infusing strategies into planning and teaching; 3) to make recommendations to infuse more historical
and cultural connections into the math curriculum; and 4) to suggest the use of math manipulatives and 
webquests as part of math instruction.
Connecting Mathematics Content to its History
Today in education there is a big push for getting more of our young people to pursue 
careers in Science, Technology, Engineering, and Mathematics (STEM) fields. STEM has been 
the buzzword for several years now. Slykhuis, Martin-Hansen, Thomas, & Barbatom (2015) 
believe that history is a critical force that needs to be infused within the instruction of the STEM 
fields. As the quote above implies, no other subject loses more than mathematics 
by any attempt to dissociate it from its history. Many teachers when they teach math very rarely 
talk about the history that lead to the discovery of Algebra or the use of or development of 
Napier Rods.  In research by McGee and Hostetler (2014) they contend that teachers need to 
draw on historical and contemporary narratives to position social justice and history issues in 
mathematics and social studies education. As researchers in these two fields, they envision 
greater possibilities for the advancement of knowledge, and we envision learning from 
inequalities and resisting oppression by nurturing deeper, more explicit connections between 
mathematics and social studies. 
 Panagiotou (2011) has found that many researchers have discussed the question "why" 
we should use the history of mathematics to mathematics education. This researcher claims that 
knowing "how" to introduce history into mathematics lessons is a more difficult step. Finding 
that however, that only a limited number of articles contain instructions on how to use the 
material, as opposed to numerous general articles suggesting the use of the history of 
mathematics as a didactical tool. The Panagiotou article focuses on converting the history of 
logarithms into material appropriate for teaching students of 11th grade, without any knowledge 
of calculus. History uncovers that logarithms were invented prior of the exponential function and
shows that the logarithms are not an arbitrary product, as is the case when we leap straight in the 
definition given in all modern textbooks, but they are a response to a problem. This research 
describes step by step the historical evolution of the concept, in a way appropriate for use in 
class, until the definition of the logarithm as area under the hyperbola. Next, they present the 
formal development of the theory and define the exponential function. The teaching sequence 
has been successfully undertaken in two high school classrooms in their research. This paper 
expands on this work by offering many possible ways to incorporate both history and math 
concepts within the instruction of mathematics to off more opportunities for infusing history into 
mathematics instruction. The remainder of this paper provides examples of history within the 
common math strands to infuse more history within math instruction and Appendix A provides a 
detailed sample math lesson infusing history in a math lesson. 
Historical Examples by Mathematical Strands
800’s B.C.E.
Number Sense
The Hindu-Arabic numerals that are used internationally today originally derived from 
the Indian numerals. The Indian numerals were adopted by the Persians in India, and passed on 
to the Arabs further west. The numerals were modified in shape as they were passed along, and 
developed their European shapes by the time they reached North Africa. From there they were 
transmitted to Europe in the Middle Ages. The use of Arabic numerals spread around the world 
through European trade, books, and colonialism. Students may enjoy exploring different number 
systems from different cultures.
The Hindu-Arabic numbers were eventually adopted by the Arab world in the 9th Century 
(800-900 C.E./B.C.E.).  At this time there was some movement within Europe.  It was during this
century that Norseman left Scandinavia, in longboats, and eventually landed in Ireland.  In Asia, 
Buddhism, originated from India, is growing in China.  However, there were attacks on 
Buddhism from Taoists, and although Buddhism would survive in China, it eventually would 
become secondary to Confucianism during the 9th Century.  In the America this would be the last 
of the Mayan empire, as most of the Mayan cities were abandoned by 900 A.D. (B.C.E.).    
(Smitha, 2010). See Appendix A for a sample math lesson incorporating Mayan History. 
1700’s C.E.
Another activity for our intermediate and middle/high students may be to make and use 
Napier Bones/Rods in the class which are from the 1700’s created by a John Napier from 
Scotland. The students can use the rods to better understand math, place value, mental math, and 
lattice multiplication. They can learn that these math tools were somewhat of walking calculators
of the times used to do quick multiplications.   Throughout history numbers have been created 
and used from most cultures as a way to bring order to our chaotic world. Social Studies and 
history teachers may reinforce contributions of cultures in developing their own number systems.
Measurement
The Metric System originally from France, around the 1700‘s, it may be good to have 
students explore what was going on in history during this time? Too, even in the 1970’s big push 
in the USA to adopt. Before units of measurement were created, primitive societies often used 
parts of their bodies as measurement tools (i.e. foot, index finger, tip of chin to outstretched 
fingers). The Greeks developed the “foot” as the fundamental unit of length. Legends say that the
unit was actually based on the actual measurement of Hercules’ foot. Romans were responsible 
for creating the measurement of the mile. The French created a standard unit of measurement 
called the metric system in 1790. In 1824, the English Parliament legalized a new standard yard 
which had been made in 1760. It was a brass bar containing a gold button near each end. A dot 
was engraved in each of these two buttons. These two dots were spaced exactly 1 yard apart. 
Since colonialists brought with them the measuring methods of their homeland, confusing and 
contradictory measuring systems came to America. It wasn’t until 1832 that Congress created the
legal American Yard Standard. In 1866 Congress passed a bill which permitted the use of the 
metric system in the United States. Then in 1975 Congress passed the Metric Conversion Act and
in 1976 the U.S. Metric Board was appointed.  While students learn to measure, it may be nice 
for them to know some of the history as to where the Metric System came from or who invented 
the foot. Please see Appendix B for several resources for incorporating more history into the 
math curriculum.  
Data Analysis and Probability
Data Analysis and Probability has its roots in Italy, the Italians were interested in ways to 
improve chances of winning card and dice games, many contributions to probability came from 
Cardano, an Italian mathematician.  Probability theory before 1750 was inspired mainly by 
games of chance. Dicing, card games, lotteries, public and private, were important social and 
economic then as today. During the 1650-1700, the age of Scientific Revolution, some of the 
biggest contributors were Galileo and Newton.  The period from 1708-1718 is often referred to 
as the “great leap forward” because of the numerous important contributions to the subject. In the
years before the Great War of 1914-18 probability and statistics were expanding in all directions. 
During the war research in statistics and probability almost stopped as people went into the 
armed services or did other kind of war work. In the latter 1980’s, the invention of the computer 
progressed many mathematicians research such as analysing larger data sets. 
The 18th Century was one of the more progressive centuries in our past, not only in 
mathematics.  The Industrial Revolution began in the coal mines and textile industries during the 
1700’s, however its importance grew during the 1800’s.  In Russia, we see Catherine II (The 
Great) become Czarina and she attempted to continue the trend of modernizing and 
strengthening Russia.  In Colonial America, revolution was brewing, as King George III was 
systematically evoking more taxes on Colonial Americans to pay for the French and Indian War.  
This eventually led to the Declaration of Independence, American Revolution, Treaty of Paris, 
and the Constitution.  France was involved in their own revolution in the latter part of the 
century.  This contributed to Napoleon coming to power.  There were other important events 
from the 1700’s: James Watt invented the Steam Engine, the first Encyclopedia was published, 
Benjamin Franklin began publishing Poor Richard’s Almanac, Beethoven’s first printed works, 
Mozart’s Don Giovanni, and at the end of the century the Rosetta Stone was discovered in Egypt,
which allowed for the understanding of the Egyptian Hieroglyphics.  (McCollom, No date)
Geometry
In Greece around 2000B.C. E, Geometry was considered to be the most important branch
of mathematics. In fact, geometry was so important in Greece and the Mediterranean regions like
Alexandria that even over the entrances of universities, they would place, “Let no man ignorant 
of geometry enter here.” Geometry surrounds us, our world is geometrical. Not only is 2-D and 
3-Dd geometry important, but what is consider to be very important is the deduction, logic, and 
proof that can applied.  As early as 2000B.C.E. Ancient Egyptians, during the Middle Period, 
demonstrated their knowledge of geometry through construction projects (such as the pyramids). 
There are also clay tablets from the Babylonians which contain writings of problems that 
connected the Pythagorean relationship. In 400B.C.E. Euclid of Alexandria, a Greek 
mathematician, wrote an important book titled The Elements, which has formed the basis for 
most of geometry studied in schools today. A second major publication came from David Hilbert 
in 1899 titled Grundlagen der Geometrie, which “marks the start of the move towards 
axiomatising mathematics, or to be more precise, towards giving formal, “meaningless” axiom 
systems as the basis of each mathematical discipline and eventually of all mathematics” (Gray, 
1998). In the 20th century, Donald Coxeter is regarded as a major synthetic geometer. He worked 
most of his life in Canada and made contributions to the theory of polytopes, non-Euclidean 
geometry, group theory and combinatorics.  
1800-1600 B.C.E.
Algebraic Thinking
The word "algebra" comes from Arabic word “al-jabr” (restoration), its origins can be 
traced to the ancient Babylonians, who developed an advanced arithmetical system with which 
they were able to do calculations in an algorithmic fashion. The Babylonians developed formulas
to calculate solutions for problems typically solved today by using linear equations, quadratic 
equations, and indeterminate linear equations. There are numerous people throughout different 
cultures that contributed to the history of algebra. Some of them include: Omar Khayyam 
(Persian) who created the foundations of algebraic geometry, Persian mathematician, Sharaf al-
Dīn al-Tūsī, found algebraic and numerical solutions to various cases of cubic equations, 
Chinese mathematician Zhu Shijie, solved various cases of cubic, quartic, quintic and higher-
order polynomial equations using numerical methods, and The idea of a determinant was 
developed by Japanese mathematician Kowa Seki in the 17th century.  Students should be 
encouraged in classrooms while learning about algebra to explore the origins of Algebra and 
mathematicians like Fibonacci, to explore the exciting patterns and generalizations that exist, to 
use formulas, and hence solve algebra equations/functions seeing practical applications to 
algebra in our world today.
The mathematics of the Old Babylonian Period was more advanced than the mathematics
from Egypt.  It may have been possible because of the order instilled by Hammurabi.  During the
18th Century B.C.E. Hammurabi conquered the Fertile Crescent.  He ruled an area from the 
Mediterranean to the Persian Gulf.  He also instituted his code of law, “Hammurabi’s Code”, 
during this period.  During this period Babylonians recognized that the evening star (Venus) and 
the morning star were the same star.  They believed the movement of the planets was to be 
interpreted by kings.  It led to an understanding of weather patterns.  It is believed that it was 
through their understanding of mathematics that allowed for their beginning comprehension of 
Astronomy. (Magruder,2011).
Covering Math and Social Studies Standards
The National Council for the Social Studies has provided 10 Themes as a way of 
categorizing information about the human experience.  This paper addresses two themes: Time, 
Continuity, and Change; and Science, Technology and Society. (NCSS, 2010) The National 
Council of Teachers of Mathematics (NCTM, 2000) has identified five mathematics strands as 
follows: Number Sense and Operations, Measurement, Geometry and Spatial Sense, Algebraic 
Thinking, and Data Analysis and Probability, all have been addressed in this paper.  Please see 
Appendix B for history resources broken down by the math strands providing a means to 
incorporating more history into the teaching of mathematics.  
Math lessons with historical tidbits interweaved into the math lessons can bridge the 
appreciation for what they are learning while making better connections for our students. Various
resources can be used to modify and enhance such historical math lessons to meet diverse 
populations of students.  Other examples may include: in a formal algebra class it may be nice to 
explore the father of Algebra, Abu Ja’far Muhammad, and talk about the locations in Uzbekistan,
Iraq, Iran where it originated and why, or to explore Euclid as the father of Geometry and share 
with students what was happening in Greece and Alexandria, Egypt and why geometry was 
considered the most important subject of those times, particularly due to its logic. Teachers may 
enjoy teaching using the Napier Bones to teach and reinforce multiplication and share how in 
Scotland the Napier Bones were the walking calculator of the times in the 17 and 18th century. 
(See Appendix A for sample lesson plan.) Mathematics was developed and expanded out of a 
need and as we all know today, we use it daily, it is hence critical that we strive to weave some of
the history of this important subject into the teaching of the material so our young people see 
more meaning and richness in what they are learning. 
Summary
Teachers from around the world in today's mathematics classroom are confronted with 
the challenge of meeting the needs of students with diverse needs and backgrounds. The NCTM 
Standards and the literature on diverse learners suggest that all students may benefit from 
strategies which promote cultural and historical connections and the use of technologies and 
manipulatives which focus upon the active engagement of students through exploration and 
communications.
In a passionate plea for bridging the culture gap in our classrooms, Moore (1994) 
proposes that "Mathematics is definitely not culture-free...no mathematics teacher could even 
contemplate seriously taking only the values of his culture and a textbook which is a product of 
his culture and imposing both himself and the textbook upon individuals possessed by a culture 
that diverges from his in any significant area." (p. 13).
Teachers who use a variety of resources and who incorporate innovative ideas into their 
teaching in order to make learning more meaningful will find students more interested in 
mathematics.   Bridging the cultural gap and infusing history in mathematics instruction will 
profit all students as they becoming more understanding, appreciative, and tolerant of one 
another and each other's cultures while better understanding and having an appreciation for 
where ideas and math content came from to begin with. 
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Appendix A
Sample Lesson Plan on Mayan Math
Developing Teaching Units Using Mayan Mathematics and Historical Chronology.
The following are suggestions for incorporating the historical context and symbolic notation system of the 
Mayans into a teaching unit.  The lessons might be taught from an interdisciplinary, integrated curriculum 
perspective, and modified to meet age appropriate needs of the students.  This lesson too can serve in 
reinforcing concepts related to place value and number systems with different bases in mathematics, with 
historical chronology and historical analysis and inquiry.  The strategies specifically include effective learning 
techniques for ESOL students (English for Speakers of Other Languages).
Objective(s):
Students will:
- explore similarities and differences of number systems from other 
cultures, particularly the Mayan system.
- calculate place values with base-10 and base-20 systems.
- reinforce student understanding of place value.
- apply student technology skills.
- develop an appreciation for the culture and math of the Mayans.
- describe how people in the past lived.
- use a variety of sources to learn about the past.
- research and analyze past periods
- formulate questions about the past. 
Menu of Suggested Activities:
Menu of Motivation (Initiating) Activities
1) Pairs of students (one of which is an ESOL student) will take a
webquest and visit websites to read about Mayan
numerical systems. Students will identify and list in chronological order important dates
as they work through the webquest.
2) Students view the video, Mystery of the Maya.
3) Students will identify and list in chronological order important dates.
4) Students meet in discussion groups.  Possible topics for
discussion might be:
a) defining terms such as decimal system, non-decimal
system, place value.
b) describe similarities and differences between
(among) systems.
c) organization of the chronological dates.
d) formation of a historical question about the Mayans.
Menu of Core Activities
1) Create Mayan "manipulatives" to use in Mayan
calculations.
2) Calculate and solve problems using their Mayan
manipulatives.
3) Create and solve coded puzzles (see Figure 3).
4) Read literature which relates to cultural differences in
mathematics (particularly Mayan Mathematics).  A suggested
books would be Arithmetic in Maya, and Skywatchers of Ancient 
Mexico.
5) Develop and refine discussion groups and paired activities.
Possible questions for discussion group:
- Can you translate Mayan numbers into our
numeral system.  How about translating our numbers?
into Mayan numbers.
- Why do you think the Mayans chose a
base-20 numeral system?
- How does the Mayan system compare to that
of the Egyptians or Romans?
- Why do you think the Mayans chose a seashell to
symbolize zero?  What symbol for zero would
you choose?  Why?
6) Practice writing Mayan numerals 0 to 100.
7) Write reflective essays on web site visits.
8) Create a fictional number system with a unique base and symbols.
9) Keep a journal of math activities and ideas.
10) Illustrate Mayan mathematics with a selected artistic medium
such a magazine photo collage, penciled sketch, etc.
11) Locate additional books and websites about Mayan math and
other math systems.
12) Invite parents and selected community guest speakers who
are knowledgeable about the Mayan or other number
systems (in Lake Worth, FL we have the Guatemalan Mayan Center).
13) In cooperative groups discuss what things were like then.
14) Identify important dates during the Mayan period.
15) Chronologically list important dates.
16) Using chart paper, create a timeline.
17) Identify a Conceptual title for the timeline.
18) Compare the timelines within groups.  Have groups discuss their important dates and
conceptual title.
(As a whole group)
19) Using the timelines, and secondary resources about the Maya, the students will create an
“Historical Question”.
20) Teacher and students will create research teams to answer the “Historical Question”
21) Students, in research groups, will present findings to their peers.
Bibliography of resources for Lessons 
Books:
Aveni, A. (1980). Skywatchers of ancient Mexico.  Austin, Texas:  University of Texas      Press.
Sanchez, G. (1971). Arithmetic in Maya.  San Diego, CA: Author.
Video/Film:
Howell, B. (1995). Mystery of the Maya. In Canada:  Developed jointly from The National Film Board of 
Canada and The Canadian Museum of Civilization and in México: The Instituto Mexicano de Cinematografía.
Internet Websites for Webquest:
Mayan Mathematics at:
http://www.hanksville.org/yucatan/mayamath.html
http://hanksville.phast.umass.edu/Yucatan/mayamath.html
http://www.michielb.nl/maya/math.html
http://mathforum.org/k12/mayan.math/
Mayan Numbers at 
http://www.niti.org/mayan/lesson.htm
http://www.vpds.wsu.edu/fair_95/gym/UM001.html
http://www.cmcc.muse.digital.ca/membrs/civiliz/maya/mmc05eng.html
History of the Mayans at:
http://www.cancunsteve.com/mayan.htm
http://www-groups.dcs.st-and.ac.uk/~history/HistTopics/Mayan_mathematics.html
http://www.civilization.ca/civil/maya/mmc05eng.html
Diversity, Interdisciplinary, and Heritage Connections 
The lesson suggestions include provisions which are appropriate for all students and specially ELL students.  
Realia and demonstrations develop vocabulary through webquests, literature, and study of artifacts of the 
culture.  Prior knowledge and background are enriched through the study of the historical context of 
the evolution of number systems while developmentally appropriate activities using manipulatives provide 
concrete examples which reinforce concept development.   Exploring learning through various media such as 
drawing, painting, sketching, and creating collages addresses learning styles and promote creativity.  Discussion
about readings, webquests/field trips (actual or Internet), activities, and guest speakers prompt analytical and 
critical thinking as well as metacognition by encouraging students to verbalize their perceptions of learning.  
Interdisciplinary and cultural connections are established through historical and literature readings, discussions 
of economic and marketplace functions, and explorations of artistic and scientific contributions such as the 
Mayan calendar.
Appendix B
Annotated Bibliography of Mathematics/History Resources
Number Sense
Wardley, P, and P. White. (2003). THE ARITHMETICKE PROJECT: A COLLABORATIVE 
RESEARCH STUDY OF THE DIFFUSION OF HINDU-ARABIC NUMERALS.. Family and 
Community History, 6 (1), pp. 5-13. 
Focuses on the Arithmeticke Project, a collaborative research study by Family and Community 
Historical Research Society members in England and Ireland designed to test the findings of a 
research on the diffusion of Hindu-Arabic numerals. Insight on the Hindu-Arabic numeral 
system, sources and methodology of the collaborative research study, and analysis of findings 
from the probate inventories.
Allard, Andre. "Hindu-Arab Roots of Medieval Europe." UNESCO Courier 46 (1993): 34-37. 8 Oct.
2009 
Contends a written numeration system was transmitted to the West from India through the Arab 
world. How counting frames (abacus) came to be superseded in the West by figures; The fingers 
a long-time rival of counting system; House of Wisdom, Baghdad, promoted cultural exchange 
with India in the ninth century; Influence of mathematical treatises written in 12th century.
Websites:
Sarcone, Gianna A. "Numbers' & Numeral systems' history and curiosities." Archimedes Lab. 1997. 
8 Oct. 2009. <http://www.archimedes-lab.org/numeral.html>. 
This is a very informative website that traces the history of numbers and shows visual 
representations of numbers that were used in Chinese, Mayas, Egyptians, and Europeans.  
Today's numbers, also called Hindu-Arabic numbers, are a combination of just 10 symbols or 
digits: 1, 2, 3, 4, 5, 6, 7, 8, 9, and 0. These digits were introduced in Europe within the XII 
century by Leonardo Pisano (aka Fibonacci), an Italian mathematician. Before adopting the 
Hindu-Arabic numeral system, people used the Roman figures instead, which actually are a 
legacy of the Etruscan period.
O'Conner, J J. "Arabic mathematics: forgotten brilliance?" Arabic Mathematics. Nov. 1999. 8 Oct. 
2009. <http://www-groups.dcs.st-and.ac.uk/~history/HistTopics/Arabic_mathematics.html>. 
This website covers from the end of the eighth century to about the middle of the fifteenth 
century. The regions from which the "Arab mathematicians" came was centered on Iran/Iraq but 
varied with military conquest during the period. At its greatest extent it stretched to the west 
through Turkey and North Africa to include most of Spain, and to the east as far as the borders of
China.
Books:
Smith, David E, and Louis Karpinski. The Hindu-Arabic Numerals. Boston: Dover Publications, 
2004
Two distinguished mathematicians unite many fragmentary narrations in this concise history of 
the origin and development of Hindu-Arabic numerals. They recount the labors of scholars who 
studied the subject in different parts of the world, assess the historical testimony, and draw 
conclusions from the evidence. 
Menniger, Karl, and Paul Broneer. Number words and number symbols: a cultural history of 
numbers. Cambridge: Dover Publications, 1992. 
A classic study documenting the origin and meaning of numbers in various cultures. "The 
historian of mathematics will find much to interest him here both in the contents and viewpoint, 
while the casual reader is likely to be intrigued by the author's superior narrative ability." — 
Library Journal.
Measurement
Websites:
National Institute Of Standards And Technology, (Sep. ). In A Brief History of Measurement
 Systems . Retrieved Oct. 7, 2009, from standards.nasa.gov/history_metric.pdf 
Man understandably turned first to parts of his body and his natural surroundings for measuring 
instruments. Early Babylonian and Egyptian records, and the Bible, indicate that length was first 
measured with the forearm, hand, or finger and that time was measured by the periods of the sun,
moon, and other heavenly bodies. The "yard" as a measure of length can be traced back to early 
Saxon kings. They wore a sash or girdle around the waist that could be removed and used as a 
convenient measuring device. The word "yard" comes from the Saxon word "gird" meaning the 
circumference of a person’s waist. In 1790, in the midst of the French Revolution, the National 
Assembly of France requested the French Academy of Sciences to "deduce an invariable 
standard for all the measures and all the weights." From this Commission, the metric system was 
created and the rapid spread of the system coincided with an age of rapid technological 
development. 
(2007, Nov. 18 ). In A World History of Measurement. Retrieved Oct. 7, 2009, from 
http://www.cftech.com/BrainBank/OTHERREFERENCE/WEIGHTSandMEASURES/MetricHis
tory.html 
Although this website does not give an author (just says “Cool Fire Technology”) it offers the 
most comprehensive historical approach to measurement. Includes the history of how 
Babylonians, Egyptians, Greeks, Romans, French, British, and American’s all used and 
developed a measuring system. At the end of the web-site it lists significant dates in U.S. history.
Articles:
Nelson, Robert A. "Guide for Metric Practice." Physics Today 52 (1999): 11-13. 7 Oct. 2009 
<http://web.ebscohost.com/ehost/detail?vid=11&hid=12&sid=43fc4956-b7fe-4863-9bfe-
1338b0fc9c02%40sessionmgr4&bdata=JnNpdGU9ZWhvc3QtbGl2ZQ%3d
%3d#db=aph&AN=2131986>. 
This article discusses the origination of the International System of Units, and the Meter 
Convention that took place in Paris, May 20, 1875. This article also discusses the steps necessary
in order to change any metric units. Today 28 states are members of the General Conference of 
Weights and Measures. 
Books:
Roche, John. The Mathematics of Measurement: A Critical History. London: The Athlone Press, 
1998. 
The Mathematics of Measurement is a historical survey of the introduction of mathematics to 
physics and of the branches of mathematics that were developed specifically for handling 
measurements, including dimensional analysis, error analysis, and the calculus of quantities. 
Using an interdisciplinary approach and the insights provided by historical studies, Roche 
clarifies well-known difficulties in the mathematics of measurement, some of which have 
plagued scientists for over a century. The book is primarily intended for physicists and scientists 
from related disciplines such as mathematicians or meteorologists, however, the level and 
breadth of the treatment should also make it interesting for advanced undergraduates in these 
fields, as well as for historians and philosophers of science.
Heath, Robin, and John Michelle. The Lost Science of Measuring the Earth: Discovering the Sacred 
Geometry of the Ancients. Kempton: Adventures Unlimited Press, 2006. 
Two leading researchers into ancient wisdom demonstrate that the earth’s dimensions were 
accurately known prior to 3000 BC. These astonishing findings, available for the first time, 
include a system of surveying and measure based on simple numerical and geometrical rules 
documents that remnants of this science still existed in medieval times when it became lost.
Geometry
Books:
Mlodinow, L. (2001). Euclide’s Window: The story of geometry from parallel lines to 
Hyperspace. New York: Touchstone.
Narration of five diverse principles that define geometry’s history. Mlodinow begins in the 
ancient world with examples in Euclidean geometry. He then moves into analytical geometry, 
developed by René Descartes in the early 1600s. Discovered in the 1800s by Carl Friedrich 
Gauss, Johann Bolyai, and Nikolay Ivonovich Lobachevsky, non-Euclidean geometry is also 
discussed. The book includes Albert Einstein’s fourth dimension to space-time, discovered in the 
early 1900s, which shows that the presence of matter affects geometry by warping space and 
time. Mlodinow brings us to the present day in his discussions of string theory and M-theory, 
which suggest that space and time don’t actually exist but are approximations of complex 
occurrences.
Heilbron, J.L. (2000). Geometry Civilized: History, Culture and Technique. Oxford: Oxford 
University Press.
With concise discussions and carefully chosen illustrations the author brings the material to life 
by showing what problems motivated early geometers throughout the world. Geometry Civilized
covers classical plane geometry, emphasizing the methods of Euclid but also drawing on 
advances made in China and India. It includes a wide range of problems, solutions, and 
illustrations, as well as a chapter on trigonometry, and prepares its readers for the study of solid 
geometry and conic sections.
Articles:
Henk, J.M. (1993). 'The Bond with Reality Is Cut': Freudenthal on the Foundations of Geometry 
around 1900. Educational Studies in Mathematics, 25(1/2), 51-58.
This article discusses Freudenthal's contribution to our understanding of the development of 
geometry at the turn of the century and his style in historical research. Freudenthal published 
several articles on the history of geometry around 1900, in particular on Hilbert's innovative 
approach to the foundations of geometry.
Gray, J. (1998). The Foundations of Geometry and the History of Geography. Mathematical 
Intelligencer, 20(2), doi: 03436993
In this article, Gray examines look, first, at the early years of the axiomatisations of geometry; 
second, at the effect this philosophy of geometry had on the writing of the history of mathematics
at the time. Gray analyzes the work of Moritz Pasch and the start of geometry in Germany and 
eventually spread of geometry to Italy. 
Websites:
http://math.rice.edu/~lanius/Geom/his.html
Lanius, C. (2008). History of Geometry. Retrieved from 
http://math.rice.edu/~lanius/Geom/his.html
A Brief Synopsis of Geometry throughout history. Describes the contributions of Egyptians, 
Babylonians, and Greeks. Includes links to biographies of major contributors to geometry.
http://softsurfer.com/history.htm
Sunday, D. (2006). A Short History of Geometry. Retrieved from 
http://softsurfer.com/history.htm
This is a short outline of geometry's history, exemplified by major geometers responsible for its 
evolution. Has the option to click on a person's picture or name for an expanded biography. 
Chronology starts with 30,000BC and ends in 2000AD. 
Algebra
Web-sites:
Snell, M. In The History of Algebra. Retrieved Oct. 12, 2009, from 
http://historymedren.about.com/od/aentries/a/11_algebra_2.htm 
This article is originally from 1911 Encyclopedia. This article states that the invention of Algebra
dates back to 1700 B.C., if not earlier. The earliest Indian mathematician of whom we have 
certain knowledge is Aryabhata, who flourished about the beginning of the 6th century of our 
era. A period of mathematical stagnation then appears to have possessed the Indian mind for an 
interval of several centuries. The question as to whether the Greeks borrowed their algebra from 
the Hindus or vice versa has been the subject of much discussion. There is no doubt that there 
was a constant traffic between Greece and India, and a transfer of ideas is highly probable. 
Lawrence, S. In Al-Khwarizmi. Retrieved Oct. 12, 2009, from 
http://www.smallsweetboffin.com/people/alkhwarizmi.htm 
Al-Khwarizmi was one of the learned men who worked in the House of Wisdom, an academy in 
Baghdad. His interests lied in the fields of algebra, geometry, astronomy and geography. His now
most famous work is that from which we got the name for algebra itself - Hisab al-jabr w'al-
muqabala . The period in which Al-Khwarizmi lived and the House of Wisdom in which he 
worked, preserved for us most of the Greek and Byzantine mathematics and science that 
eventually led to the revival of learning in Europe.
Books:
Kleiner, I. (2007). A History of Abstract Algebra. Boston, Birkhauser
Prior to the nineteenth century, algebra meant the study of the solution of polynomial equations. 
By the twentieth century algebra came to encompass the study of abstract, axiomatic systems 
such as groups, rings, and fields. This presentation provides an account of the intellectual lineage
behind many of the basic concepts, results, and theories of abstract algebra. The development of 
abstract algebra was propelled by the need for new tools to address certain classical problems 
that appeared unsolvable by classical means. A major theme of the approach in this book is to 
show how abstract algebra has arisen in attempts to solve some of these classical problems, 
providing context from which the reader may gain a deeper appreciation of the mathematics 
involved.
Brezina, C. (2006). Al-Khwarizmi: The Inventor of Algebra. New York, New York: Rosen 
Publishing Group.
Al-Khwarizmi is arguably the most important mathematician of the Middle Ages. He developed 
two distinct branches of mathematics, both of which owe their name to him: algebra and 
algorithms. This carefully crafted biography shines a long-overdue light on these achievements, 
documents Khwarizmi's contributions to geography and astronomy, and paints a picture of life in
the ninth-century Muslim Empire. Supports history-social science context standards mandating 
exploration of intellectual exchanges and contributions of Muslim scholars, and their influence 
on the science, geography, mathematics, philosophy, and medicine of later civilizations. 
Articles:
Katz, V.. (2007, Oct). Stages in the History of Algebra with Implications for Teaching. Educational 
Studies in Mathematics. 66(2), 185-201. Retrieved Oct 12, 2009, from EBSCOhost 
This article takes a rapid journey through the history of algebra, noting the important 
developments and reflecting on the importance of this history in the teaching of algebra in 
secondary school or university. Frequently, algebra is considered to have three stages in its 
historical development: the rhetorical stage, the syncopated stage, and the symbolic stage. But 
besides these three stages of expressing algebraic ideas, there are four more conceptual stages 
which have happened alongside of these changes in expressions. 
Bowen, J. P. (1994, Jan. 11 ). In A Brief History of Algebra and Computing. Retrieved Oct. 12, 2009,
from http://74.125.47.132/search?
q=cache:F3coC4XAZowJ:utopia.duth.gr/~ap4225/ebooks/Maths/A%2520Brief%2520History
%2520Of%2520Algebra%2520And
%2520Computing.pdf+a+brief+history+of+algebra+and+computing&cd=2&hl=en&ct=clnk&gl
=us 
*Sorry this address is so long- I wasn’t sure how to convert a text document to a PDF :/
This document journeys through English, Boolean, and recent developments in algebra 
programs. Cuthbert Tonstall (1474-1559) and Robert Recorde (1510-1558) were two of the 
foremost English mathematicians. They were the first mathematicians at the University of 
Cambridge. Recorde is considered the more important of the two because he introduced the 
equality sign (=). 
Data Analysis and Probability
Websites:
Electronic Journal for History of Probability and Statistics. Retrieved Oct. 13, 2009, from 
http://www.emis.de/journals/JEHPS/index-2.html 
The Electronic Journal for History of Probability and Statistics has a double vocation. It 
publishes original papers on history of both domains and also older documents of exceptional 
interest, and makes them available as downloadable files. They can be downloaded freely by 
anyone interested without previous registration or subscription.
Aldrich, J. (2009, May). In Figures from the History of Probability and Statistics. from 
http://www.economics.soton.ac.uk/staff/aldrich/Figures.htm 
This website lists in chronological order over 200 mathematicians who contributed to the 
development of probability and statistics. The timeline starts in 1650 all the way to 1980+. The 
origins of probability and statistics were discovered through the mathematical games of chance 
and in the studies of mortality data. During the 1650-1700, the age of Scientific Revolution, 
some of the biggest contributors were Galileo and Newton.  The period from 1708-1718 is often 
referred to as the “great leap forward” because of the numerous important contributions to the 
subject. Each time period is clearly mapped out on the website, I could write about the specific 
times/dates for pages! 
Books:
Hald, A. (2003). A history of probability and statistics and their applications before 1750. New York,
New York: Wiley-Interscience. 
This book contains an exposition of the history of probability theory and statistics and their 
application before 1750 together with some background material. It covers three aspects of 
history: problems, methods, and persons. “The driving force behind the development of 
probability theory and statistics was pressure from society to obtain solutions to important 
problems for practical use, as well as competition among mathematicians.” “Probability theory 
before 1750 was inspired mainly by games of chance. Dicing, card games, lotteries, public and 
private, were important social and economic then as today.” Curiosity and economic interests led
to mathematical investigations. 
Todhunter, I. (2007). A History of the Mathematical Theory of Probability: From the Time of Pascal 
to That of Laplace. Cambridge, London: Macmillan and Co.. 
This book focuses on the mathematicians behind the theory of probability. Some mathematicians 
discussed include: Carden, Kepler, Galileo, Chevalier de Mere, and Pascal. Because many 
mathematicians never published their work, or never completed their research, many of their 
theories are listed without completion. However, Laplace was a mathematician whose full 
accounts of writing are given and explained. 
Articles:
Doob, J. L. (1996, Aug). The Development of Rigor in Mathematical Probability. The American 
Mathematical Monthly. 103(7), 586-595. Retrieved Oct 13, 2009, from JSTOR 
This paper is a brief informal outline of the history of the introduction of rigor into mathematical 
probability in the first half of this century. Specific results are mentioned only in so far as they 
are important in the history of the logical development of mathematical probability. 
Author Bios:
Joseph M. Furner, Ph.D. is a Professor of Mathematics Education at Florida Atlantic University in Jupiter, 
Florida.   His research interests are related to math anxiety, teaching to diverse learners, and best practices for 
teaching mathematics. Dr. Furner has worked as an educator K-12 and teacher trainer for the past 28 years in 
New York, Florida, Mexico, and Colombia.  Dr. Furner can be reached by email at: jfurner@fau.edu. 
Ernest Andrew Brewer, Ed.D.  is the Associate Director of Academic Support Services/FIAT Coordinator
In the Department of Teaching and Learning in the College of Education at Florida Atlantic University.
He also teaches Social Studies Education Methods courses at Florida Atlantic University based in Jupiter, 
Florida.  His research interests are related to social studies content knowledge, citizenship education, and 
motivation.  Dr. Brewer has worked as a public school K-12 teacher in Florida.  
Introduction 
“Do not worry about your difficulties in Mathematics. I can assure you 
mine are still greater.” 
-Albert Einstein 1879-1955 
“I really don’t like math, but I do okay.” -Julie, 14 
"I just don’t like math, it’s the same thing and big numbers, and I don’t like big       
numbers.”      -Brian, 13 
"I have lots of math anxiety, for me math is very confusing." 
-Samantha, 19 
"Frustration, sweaty palms, and fear are words I would use to describe what math 
does to me."        -Heather, 34 
"When I hear the word math I get goose bumps."  -Starry, 9 
"Math makes me shake." -Seth, 10 
"When I think of math I don't get nervous I get bored." 
-Chad, 11 
The above comments from students about their feelings toward math are 
just a sampling of how some young people feel about mathematics in the United 
States and perhaps around the world. Albert Einstein even was known for sharing 
his difficulties with math.   In Marilyn Burns' book, Math: Facing an American 
Phobia, Burns (1998) tackles an interesting subject and has found that two-thirds 
of American adults fear and loathe math. Mathematics anxiety in students has 
become a concern for our society for many years now.   Evidence of students’ 
poor attitudes and high levels of anxiety toward math is abundant (Warwick & 
Howard, 2016; Beilock & Willingham, 2014; Warwick, 2008; Geist, 2010; 
Furner, 1996).   In the midst of a technological era, declining mathematics (math) 
scores on the Scholastic Aptitude Test (SAT) have been widely publicized.   
Some reports have shown that American students rank last when compared with 
students from all other industrialized countries on 19 different assessments.  The 
Third International Mathematics and Science Study (TIMSS) has shown a trend in 
U. S.  students’ math scores as they decline as students increase in age group from 
grade four to grade twelve (Schmidt, 1998).    What is happening to our students 
that so many of them lose interest in math and lack the confidence to take more 
math classes? 
Geist (2010) states that negative attitudes toward mathematics and what 
has come to be known as "math anxiety" are serious obstacles for young people in 
all levels of schooling today, and he feels that an anti-anxiety curriculum is 
critical in building students’ confidence when working with mathematics 
especially in the light of a great push for more people going into the fields of 
Science, Technology, Engineering, and Mathematics (STEM).  Helping students 
identify and address their math anxiety is critical in helping them cope with and 
overcome such anxiety that otherwise may negatively impact future choices in 
their academic and professional careers.  As Boaler (2008) points out, it is critical 
to ensure students are confident and well prepared in mathematics if they are 
going to compete for such high-tech jobs today and in the future. Today, the 
                                                                                                  
United States is working to lead more young people into the STEM fields so we 
as a country can compete globally.  Zollman (2012) believes that we need to 
evolve from learning for STEM literacy to using STEM literacy for learning to 
satisfy our societal, economic, and personal needs. If we are to build math 
confidence in our students, math teachers need to address head on the issue of 
math anxiety which often manifests itself as hesitancy or learned helplessness in 
observed math achievement. This paper will look at the issue of math anxiety and 
provide research based suggestions for preventing and reducing such anxiety in 
today’s classrooms.  
Steen (1999) pointed out "national and international studies show that 
most U.S. students leave high school with far below even minimum expectations 
for mathematical and quantitative literacy."  Neunzert (2000) believes we must 
understand ourselves as MINT-professionals, where MINT is M=mathematics, 
I=informatics, N=natural sciences, T=technology. Neunzert (2000) feels that 
mathematics is critical for people living in the 21st Century for them to be 
successful.  Neunzert believes we need to encourage our students in all countries 
to study more mathematics and to see it as a tool for success in life. 
Teachers today must be equipped to reach all children and develop their 
confidence and ability to do mathematics. All students really can be like Einstein 
if teachers really take the time to reach each of them in their unique way.  
Teachers must check to see that all children have positive attitudes and 
dispositions toward math.   A great deal of literature like Arem (2003), Curtain-
Phillips (2004), Lai (2005), Rossan (2006), and Sheffield & Hunt (2006) show 
that many people do not like mathematics and there are strategies one can use to 
develop more math confidence in our young people.  
It is critical today that our teachers are well versed on how to effectively 
teach mathematics so as to address math anxiety in students, develop student 
confidence in math, and help encourage our young people into careers in the 
STEM fields. Beilock and Willingham (2014) contend that, “A course on how to 
teach math concepts seems to be more effective in addressing math anxiety 
among pre-service teachers than a course on math concepts themselves” (p. 31). 
Teachers instructing courses with mathematical content at primary, secondary and 
university level should consider the negative impact of affective factors on 
teaching/learning processes in mathematics and should incorporate intervention 
programs in order to mitigate this effect and optimize students’ performance 
(Núñez-Peña, et al., 2013).  
It is unfortunately but teachers who are afraid of math may then pass on 
math anxiety to the next generation by modeling behaviors of their own 
discomfort with the subject (Furner & DeHass, 2011; Geist, 2010; Reys et al., 
2015).   How representative are the above comments from young people about 
math anxieties?  A study in 2004 by Perry indicated that 85% of students in an 
introductory college level math class claimed to have experienced anxiety when 
presented math problems. Jackson and Leffingwell (1999) showed another 
perspective in this study, with only 7% of the college students (N= 157) in their 
study not expressing math anxiousness. The prevalence of math anxiety in 
empirical studies is confounding; however, the effect of math anxiety is well 
documented.  Even in populations of students where math is a foundational skill 
(e.g. engineering majors in college), researchers have found math anxiety to be 
present (Hembree, 1990; Ruffins, 2007).  Sparks (2011) feels that as the STEM 
fields become more important for our students to study, our schools and teachers 
need to do more to address math anxiety so that our students are confident to 
study areas related to STEM.  If math anxiety occurs frequently, then attention to 
the methods that are effective at overcoming math anxiety are important for 
teacher preparation as well as for in-service math teachers. 
Math Anxiety Defined 
Math anxiety may be defined as an “…inconceivable dread of 
mathematics that can interfere with manipulating numbers and solving 
mathematical problems within a variety of everyday life and academic situations” 
(Buckley & Ribordy, 1982, p. 1).   NCTM (1989 & 1995) recognized math 
anxiety as a problem and specifically included in its assessment practices. 
Standard #10 (NCTM, 1989) prompts teachers to assess their students' 
mathematical dispositions; such as:   confidence in using math to solve problems, 
communicate ideas, and reason.  
As educators, we need to know what causes this dread of mathematics so 
that it can be prevented and/or reduced.  Causes of math anxiety may vary from 
socioeconomic status and parental background to the influence of teachers and the 
school system.  Some educators believe that teachers and parents who are afraid 
of math can pass on math anxiety to the next generation, not genetically, but by 
modeling behaviors of their own discomfort with the subject.  Research by 
Oberlin (1982) found that some teaching techniques actually cause math anxiety:  
(a) assigning the same work for everyone, (b) covering the book problem by 
problem, (c) giving written work every day, (d) insisting on only one correct way 
to complete a problem, and (e) assigning math problems as punishment for 
misbehavior. 
 Ahmed, Minnaert, Kuyper, &van der Werf (2012) examined the 
reciprocal relationships between self-concept and anxiety in mathematics. A 
sample of 495 grade 7 students (51% girls) completed self-report measures 
assessing self-concept and anxiety three times in a school year. The analysis 
showed a reciprocal relationship between self-concept and anxiety in math (i.e., 
higher self-concept leads to lower anxiety, which in turn, leads to higher self-
concept). Concluding that math self-concept and math anxiety are reciprocally 
related. 
Ineffective teaching practices are not the only cause of math anxiety.   A 
student's lack of success with math may also be a cause of math anxiety and be 
heightened by any one of several factors; poor math instruction, an insufficient 
number of math courses in high school, unintelligible textbooks, or 
misinformation about what is math and what it is not .  Many people often blame 
their failures on their lack of a mathematical mind, the notion that men are better 
than women at math, or that they have poor memories or learning disabilities.  
Sheila Tobias, a guru on the topic of math anxiety since the 1980’s, contends that 
there are two myths about mathematics that need to be eliminated.  One is that 
higher level math is too difficult for otherwise intelligent students to master, and 
another is that without mathematics you can live a productive intellectual and 
professional life (Tobias, 1993).  Math anxiety is also prevalent in the population 
of students with disabilities. Some students in special education have specific 
math related disabilities; this number is estimated to be between 4 and 7% for 
school aged students (Lewis, Hitch, & Walker, 1994).  There are other students in 
special education who claim a math disability as a way to cover up anxiety about 
school in general. Regardless of the student description, engineering students and 
students in special education alike need a teacher’s help to overcome their fears of 
mathematics and be challenged to take higher-level math courses.   Willis (2010), 
a math teacher and neurologist, in her book, Learning to Love Mathematics, gives 
over 50 strategies you can use right away in any grade level to: (1) Rehabilitate 
negative attitudes about math; (2) Reduce mistake anxiety; and (3) Relate math to 
students' interests and goals. Find out how a better understanding of your students' 
brains can help you build foundational skills in math and other subjects and 
develop your students' long-term memory of academic concepts. Explore 
classroom interventions that help you: (1) Change your students' math 
intelligences by incorporating relaxation techniques, humor, visuals, and stories 
into your teaching; (2) Eliminate stress and increase motivation to learn math by 
using errorless math, estimation, and achievable challenges; and (3) Differentiate 
your strategies to students' skill levels by using scaffolds, flexible grouping, and 
multisensory input. Find out how a better understanding of your students' brains 
can help you build foundational skills in math and other subjects and develop 
your students' long-term memory of mathematical understanding. 
There are things schools can do to help prevent math anxiety from 
occurring in students.  It is a complicated matter and may involve what happens to 
kids inside and outside of the classroom.   Teachers and parents can play a critical 
role in helping to develop positive dispositions toward math.   The NCTM (2000, 
1995, 1989) has made recommendations for preventing math anxiety such as: 
 accommodate different learning styles
 create a variety of testing environments
 design positive experiences in math classes
 remove the importance of ego from classroom practice
 emphasize that everyone makes mistakes in mathematics
 make math relevant
 let students have some input into their own evaluations
 allow for different social approaches to learning mathematics
 emphasize the importance of original, quality thinking rather than
 rote manipulation of formulas; and 
 characterize math as a human endeavor.
What it comes down to is that teachers must employ “best practices” for 
teaching mathematics. Zemelman, Daniels, and Hyde (2012) based on a 
culmination of research have put together what is considered the “best practices” 
for teaching math which include: (a) use of manipulatives (make learning math 
concrete); (b) use cooperative group work; (c) use discussion when teaching 
math; (d) make questioning and making conjectures a part of math; (e) use 
justification of thinking; (f)  use writing in math for: thinking, feelings, and prob. 
Solving; (g) use problem-solving approach to instruction; make content 
integration a part of instruction; (h)  use of calculators, computers, and all 
technology; (i)  being a facilitator of learning; and (j) assess learning as a part of 
instruction. 
Reducing math anxiety is much different from preventing math anxiety. 
Teachers almost must take on the role of a counselor to help lower or overcome 
such anxiety toward math. Recommendations for reducing math anxiety 
according to Hembree (1990), treatments effective in alleviating math anxiety 
include systematic desensitization and relaxation training. Davidson and Levitov 
(1993) advocate the use of relaxation in conjunction with repeated positive 
messages and visualizations. 
How is math anxiety reduced?  Teachers must help students understand 
how their math anxiety was created.  According to Hackworth (1992), the 
following activities will assist in reducing math anxiety: (a) discuss and write 
about math feelings; (b) become acquainted with good math instruction as well as 
study techniques; (c) quality studying; recognize type of information learning; (d) 
be an active learner and create problem solving techniques; (e) evaluate your own 
learning; (f) develop calming/positive ways to deal with fear of math and doing 
math: visualization, positive messages, relaxation techniques, and frustration 
breaks; and  lastly (g) gradual repeated success in math builds confidence. Tobias 
(1993) suggests that one way for students to reduce math anxiety is to recognize 
when panic starts, to identify the inactiveness in their analytic and retrieval 
systems, and to clear up the static without ceasing to work on the problem. 
Best Practices to Prevent and Reduce Math Anxiety 
Ooten (2003) in her book, Managing the Mean Math Blues, outlines a 
four-step method for managing a persons’ math anxiety.  Ooten believes that a 
person who suffers from math anxiety needs to first lay the groundwork by 
coming to terms with their feelings and challenge their current beliefs and realize 
they are not alone; second, one must change their thoughts and negative thinking 
                                                                                                  
and use intervention strategies to improve one’s thinking that they can be 
successful at math; third, one needs to know thyself, it is important that one 
knows his/her learning style/mode and that he/she apply approaches to doing 
math  by successful people; and lastly fourth, once one has gained some 
confidence and strategies for doing mathematics they then must apply what they 
learned and actually do the math. All of Ooten’s techniques require the teacher to 
first be aware and second to support the student in turning around their anxiety. 
When a student essentially acknowledges that “I’m not good at math and so I 
never will be”, it has dangerous implications for students’ motivation (Dickerson, 
2013).  In a study of over 3,000 students from elementary to high school, 
researchers found that where a student’s motivation came from made a difference.  
Students who wanted to get better at math to learn more about the subject 
(mastery-approach goal) ended up improving more than those who were focused 
on just getting a good grade (Dickerson, 2013). Recommendations for 
motivational strategies that may be useful in preventing and reducing math 
anxiety and improving attitudes toward learning mathematics include: making 
mathematics relevant, highlighting that everyone can make mathematical 
mistakes while still having the capacity to improve, engaging students in their 
own self-evaluations, and reducing the importance of ego from classroom practice 
(Finlayson, 2014; NCTM, 1995).   
Some Practical Examples of What Teachers can do in their Math Classrooms 
to address Math Anxiety: Tried and True 
#1. Journal writing in math classrooms has become an everyday event for many 
students.   Students use journals to express their understanding of mathematical 
concepts.   Journals can also be used to allow students to share feelings and 
experiences with math.   Students are rarely asked how they feel about learning 
about different concepts and branches of mathematics.   Teachers can get a better 
understanding and feel for any frustration student are feeling.   The following 
sample list of journal/discussion question may be used for students to write about 
alone or to discuss and share together as a class.   Teachers must realize that for 
students to overcome or have their math anxiety reduced, they must first initiate 
this form of therapy by allowing students to express their true feeling about math 
and how they arrived at such a disposition: 
Journal/Discussion Questions for Students 
1. Pretend that you must describe mathematics to someone.  List all
the words or phrases you can think of that you could use. 
2. Describe how you feel in a math class.
#2. Another practical idea for teachers and students is for teachers to assess their 
students’ dispositions toward math at the beginning of a school year by having 
them complete the following Mathitude Survey: 
Mathitude Survey 
1. When I hear the word math I_________________________.
2. My favorite thing in math is__________________________.
3. My least favorite thing in math is______________________.
4. If I could ask for one thing in math it would be___________.
5. My favorite teacher for math is___________because______.
6. If math were a color it would be_______________________.
7. If math were an animal it would be_____________________.
8. My favorite subject is_______________ because_________.
9. Math stresses me out:  True or False   Explain if you can.
10. I am a good math problem solver: True or False   Explain if you can.
(This survey is great to use toward the beginning of the school year to assess 
students’ feelings toward math and level of anxiety.) 
#3. The picture book, Math Curse (Scieszka & Smith,1995), addresses the issue 
of math anxiety.   It is an excellent example of how educators have come to terms 
with the fact that not all people feel confident in their ability to do math.    When 
Mrs. Fibonacci, an elementary school teacher, tells her class that they can think of 
almost everything as a math problem, one student becomes overwhelmed by the 
scope of math. This math anxiety becomes a real curse. However, the student 
eventually realizes that math is everywhere and there is no way of escaping it in 
daily life; therefore, the math anxious youngster recognizes math as a means of 
making one's life easier.   This book may be used as a form of bibliotherapy to 
prompt discussion on the topic of math anxiety and allow other students to discuss 
their feelings on the topic to compare to the character in the book. Hebert & 
Furner (1997) have found bibliotherapy effective in reaching the math anxious 
and provide lessons and activities in their work. 
#4.  Read and Discuss the Following Statements from Famous People/Build 
Confidence and believe that your Students can succeed at Math 
Furner and Grace (2016, p. 1) discuss in their paper how it is important to share 
stories with both students and parents alike so that they realize that all things are 
possible, they state and share: 
“SOMETHING TO THINK ABOUT: 
***Beethoven’s music teacher once told him that as a composer, he was hopeless! 
***Walt Disney was fired by a newspaper editor because he had “no good ideas.” 
***Winston Churchill failed sixth grade. 
***Louisa May Alcott was told by an editor that she’d never write anything with 
popular appeal. 
***As a boy, Thomas Edison was told by his teachers that he was too stupid to 
learn anything. 
***Einstein was four before he could speak and seven before he could read. 
YOUR ASSIGNMENT: 
****Read the previous statements every time you think your child is a little 
different or not being quite what “we” WANT THEM TO BE.  Maybe their goals 
are a bit higher. Maybe, just maybe, they have a different way of reaching their 
own standard of excellence.” 
Furner and Grace (2016) in their paper talk about how important it is to makes 
sure that your students and their parents know that in your class all students will 
succeed.  Grace believes that there are five powers children need.   The need to: 
perceive, interpret, want, feel, and express.   Grace feels that this can happen 
when children’s basic needs are met which include: security, self-worth, self-
value, strokes, stimulation, and structure.   Grace repeats constantly, “You know 
what ever I’m going to teach, you are going to learn.”   Grace says, “They believe 
that I can teach them math.” (Page 1.) When teachers believe all children can 
learn and the children know that the teachers believe this truly, then students 
really can succeed beyond most expectations.  This is a real key component to 
effective teaching and learning.  
A Summary and Resources for Math Anxiety 
What NCTM says about Mathematics Anxiety and Dispositions Toward 
Mathematics 
Standard 10: Mathematical Disposition 
As mathematics teachers, it is our job to assess students’ mathematical 
disposition regarding: 
*confidence in using math to solve problems, communicate ideas, and reason;
*flexibility in exploring mathematical idea and trying a variety of methods when
solving;
*willingness to persevere in mathematical tasks;
*interests, curiosity, and inventiveness in doing math;
*ability to reflect and monitor their own thinking and performance while doing
math;
*value and appreciate math for its real-life application, connections to other
disciplines and cultures and as a tool and language.
Visit the Mathitudes Website at: http://www.coe.fau.edu/centersandprograms/mathitudes/ 
How to Reduce Math Anxiety in a Nutshell 
1. Psychological Techniques like anxiety management, desensitization, counseling,
support groups, bibliotherapy, and classroom discussions. 
2. Once a student feels less fearful about math he/she may build their confidence
by taking more mathematics classes. 
3. Most research shows that until a person with math anxiety has confronted this
anxiety 
     by some form of discussion/counseling no “best practices” in math will help to 
     overcome this fear. 
How to Prevent Math Anxiety in a Nutshell 
1. Using “Best Practice” in mathematics such as: manipulatives, cooperative
groups, 
     discussion of math, questioning and making conjectures, justification of 
thinking, 
     writing about math, problem-solving approach to instruction, content 
integration,  
     technology, assessment as an integral part of instruction, etc. 
2. Incorporating the Common Core and NCTM Standards and other State
Standards into 
 the curriculum and instruction. 
3. Discussing feelings, attitudes, and appreciations for mathematics with students
regularly
The recommendations from the National Council of Teachers of 
Mathematics are words to the wise. The key to all the NCTM recommendations is 
to plan wisely and make the instruction welcoming for students.  A lesson that 
engages students with all types of learning styles and learning needs sends a 
message to everyone in the class that the expectation is for all to be successful.  
The same is true for a teacher who includes in his lesson plan time to talk about 
different ways to solve a problem.  This underscores, as NCTM advises, that there 
                                                                                                  
are different social approaches to learning math, not just the one in the text.  
Prevention of math anxiety is all about teacher planning and using the best 
possible practices in math instruction.  As mentioned, Geist (2010) feels that 
negative attitudes toward mathematics and what has come to be known as "math 
anxiety" are serious obstacles for young people in all levels of schooling today. In 
his paper, the literature is reviewed and critically assessed in regards to the roots 
of math anxiety and its especially detrimental effect on children in "at-risk" 
populations such as, special education, low socioeconomic status, and females, he 
feels that an anti-anxiety curriculum is critical in building students’ confidence 
when working with mathematics.  
 
 Working from the academic perspective, Zemelman, Daniels, & Hyde 
(2012) and Furner, Yahya, & Duffy (2005) have compiled evidence based 
practices for teaching math which include: (a) use of manipulatives (make 
learning math concrete); (b) use cooperative group work; (c) use discussion when 
teaching math; (d) make questioning and making conjectures a part of math; (e) 
use justification of thinking; (f) use writing in math for: thinking, feelings, and 
problem solving; (g) use problem-solving approach to instruction; make content 
integration a part of instruction; (h)  use of calculators, computers, and all 
technology; (i) being a facilitator of learning; and (j) assess learning as a part of 
instruction.  Each of these best practices make math more “accessible” to students 
who enter the math instruction situation with trepidation. The first step in such an 
important educational goal is to understand effective ways to reduce math anxiety 
and encourage more positive attitudes for learning mathematical concepts.  If the 
goals students adopt have some relationship to beneficial achievement behaviors 
and a healthy outlook for learning math concepts, we can then consider how the 
research literature outlining suggestions for creating mastery-oriented classrooms 
may also help to reduce the anxiety students experience during mathematics 
instruction (Furner & Gonzalez-DeHass, 2011).  As the STEM fields become 
more important for our students to study, our schools and teachers need to do 
more to address math anxiety so that our students are confident to study areas 
related to STEM (Sparks, 2011).  In this effort, educators can encourage students 
to develop productive mathematical dispositions, be more willing to take risks and 
share their ideas, and come to see they can improve through effort and good study 
habits, so that they are prepared for future schooling and eventual careers 
(Dickerson, 2013; Quander, 2013).   
Summary 
Math teachers can do many things mentioned in this article in their 
classrooms to help prevent and reduce math anxiety helping their students gain 
confidence and become mathematical like Einstein.  Teachers can also work with 
school counselors as well as encourage their schools to have family math nights 
where parents come with children and together they can "do" math and see its 
                                                                                                  
importance and value in life.    As a society, we must work together to extinguish 
this discomfort our students have toward mathematics.   It is important that our 
students in the U.S. feel confident in their ability to do mathematics in an age that 
relies so heavily on problem solving, technology, science, and mathematics.    It is 
a teacher’s obligation to see that their students value and feel confident in their 
ability to do math, because ultimately a child's life: all decisions they will make 
and careers choices may be determined based on their disposition toward math.   
Teachers must make the difference in our students' attitudes toward math! We 
need to make sure all our students have the capability to become an Einstein and 
feel confident in their ability to pursue fields like science, technology, 
engineering, and/or mathematics so to better compete and be successful in this 
high-tech world we live in. It is our job as math teachers to make sure all our 
students see success with mathematics and like it too. All students can be Einstein 
if math teachers take the time to implement best practices outlined in this paper. 
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Title: Using technology and media-Rich platforms to help teach the Pythagorean theorem 
Abstract 
The history of mathematics is quite extensive, dating back to ancient times and 
elapsing several centuries. Many great mathematicians, philosophers, scientists, and scholars 
have contributed to mathematics on the subject we see today. For the purpose of this research 
project, we have chosen to highlight the great mathematician Pythagoras and his famous 
Pythagorean Theorem. We investigate the history of the Pythagorean Theorem, relationships 
among Pythagorean numbers, and unusual proofs of the Theorem. This paper provides a 
suggestive lesson plan, activity, and presentation for classroom use.  
History of the Pythagorean Theorem 
One of the most well-known theorems in our culture that many may remember 
from their earlier high school days is the Pythagorean theorem (a2 + b2 = c2). Over the centuries, 
there have been many names for the Pythagorean theorem, including the Theorem of Pythagoras, 
the Hypotenuse theorem, and Euclid I 47 (since it is listed as Proposition 47 in Book I of 
Euclid’s Elements).  The Pythagorean theorem has had quite an impact, and there are several 
stories on its advancement (Maor, 2007). 
In The Ascent of Men, Jacob Bronowski stated: “To this day, the theorem of 
Pythagoras remains the most important single theorem in the world of mathematics” (p.60).  The 
Pythagorean theorem has influenced mathematics by virtually permeating every branch of 
science and playing a central role in various mathematical applications, such as geometry.  
Moreover, the classical theorem has over four hundred existence proofs, and it continues to 
grow.  In fact, on the original list of proofs, there is one from Albert Einstein from age twelve 
(Maor, 2007). 
Upon further research on the history of the Pythagorean theorem, once can 
conclude that the Pythagorean formula was discovered independently, in some sense, by almost 
every ancient culture (Mackenzie, 2012).  The Pythagorean theorem evolution goes back to over 
2,500 years, to when Pythagoras theoretically first proved it.  Notably, Pythagoras was not the 
first to discover the theorem, as recognized as the Babylonians, and probably the Egyptians and 
Chinese, at least, a thousand years ahead of him (Moar, 2007).   
In 2000 BCE, Ancient clay tablets denote that the Babylonians created rules for the 
Pythagorean triplets.  In ~1700 BCE, a famous Babylonian tablet called the Plimpton 322 
includes a list of Pythagorean triplets (ex. 3-4-5).  Discovering the tablet around 1945, which is 
currently on display at Yale University (Allen, 2003).  Research proves that Pythagoras studies 
in Babylonia and might have learned the theorem there (Mackenzie, 2012).  In 1700 BCE, Pierre 
de Fermat studied the Pythagorean theorem and conjectured that there were no solutions when n 
was greater than two.  Wittingly, he left no proof and only wrote in the hand left margin that he 
knew this was not possible, but did not have enough room to write it.  This conjecture was 
named the “Fermat’s Last Theorem” and was not proved until 1993 by Andrew Wiles, from 
Princeton University (Allen, 2003). 
Modern algebra was on the rise in 1600 BCE, and the Pythagorean theorem 
assumed it’s now well-known algebraic form (Maor, 2007).  In 1500 BCE, the Pythagorean 
theorem states: “The square of the lengths of the hypotenuse of the right triangle is equal to the 
sum of the squares of the legs” (Historical Timeline).  Between 800 BCE- 600 BCE, an ancient 
Indian Mathematician discussed the Pythagorean theorem in Sulbasutras.  In 569 BCE, 
Pythagoras was born on the island of Samos in Greece.  The Pythagorean theorem derived from 
the ancient Greek mathematician, Pythagoras.  Many believe Pythagoras presented the first proof 
of the theorem, although it was discovered long before him (Allen 2003).   
Furthermore, theories state that Pythagoras may have even traveled to India around 
500 BCE, visiting eastern regions such as Egypt and Phoenicia.  Supposedly, Pythagoras learned 
from the Phoenicians and Egyptians and their priests and acquired some early notions about 
mathematics (Aczel).  “The Egyptians must have use this formula [a2 + b2 = c2] or they couldn’t 
have built their pyramids, but they have never expressed it as… as useful theory,” from Joy 
Hakim, The Story of Science (page 78).  Unfortunately, our knowledge of the Egyptians is not 
extensive due to the fragile mediums of evidence.   The Babylonians wrote on clay tablets, which 
are virtually indestructible, whereas Egyptians wrote on delicate papyrus.  The Egyptian 
monument, the “Great Pyramid of Cheops” is 756 feet on each side with a height of 481 feet.  
This example will require scientific information, which could include the Pythagorean theorem.  
However, did it really?  The Rhind Papyrus consists of eighty-four problems and also contains 
Pyramid problems, but fails to reference them to the Pythagorean theorem (nor directly or 
indirectly).  Another hypothesis states that Egyptians used a rope tied at equal intervals to 
measure distances, which could have led them to discover the 3-4-5 triangle.  There is no 
evidence to support this theory (Maor, 2007).    
Around 500 BCE- 200 BCE, the Chinese treatis, Chou Pei Suan Ching, offers a 
statement and demonstration of the Pythagorean theorem.  Hippocrates of Chios (470-410 BCE) 
lived well before Euclid’s period, and researchers say he generally knew of the Pythagorean 
theorem, as he stated in Proposition 31 of Book VI: “In right-angled triangles, the figure on the 
side opposite the right angle equals the sum of the similar and similarly described figures on the 
sides containing the right angle” (Alsina, 2011).  In 300 BCE, Euclid’s Elements is published and 
includes a proof of the Pythagorean theorem (Mackenzie, 2012). 
The Pythagorean theorem is one of the most well-known theorems in geometry, the 
most popular property of right angles, and contains more proofs than any other in mathematics.  
In 1876, a Pythagorean theorem proof was published in the New England Journal of Education 
(Volume 3, page 161), written by James Abram Garfield (1831-1881).  During the time, Garfield 
was a member of the Ohio United States House of Representatives, until 1880, when he was 
elected the twentieth President of the United States.  Sadly, he was assassinated only four months 
after being elected (Alsina, 2011).   
In 1895, Lewis Carrol commented on the beauty of the Pythagorean theorem: “It is 
as dazzlingly beautiful now as it was in the day when Pythagoras first discovered it.”  In 1927, 
Elisha S. Loomis (1852-1940), a mathematics teacher from Ohio, collected and wrote up three 
hundred seventy-one proofs in The Pythagorean Preposition.  In 2004, the journal Physics 
World, awarded the Pythagorean theorem 4th place (out of 20), as voted by readers, for the 
twenty most beautiful equations in science (Maor, 2007). 
The Pythagorean theorem has evolved and impacted numerous fields of math and 
science over the past decades.  A wide variety of diverse cultures has contributed to its history.  
The Pythagorean theorem has more proofs than any other in mathematics, and each one offers 
something different.  Today, we can only assume, Pythagoras, in all probability, supplied the 
first proof, and gets the name of this universal theorem.  
Unusual relationships that exist among Pythagorean numbers 
Did you know there is more to Pythagoras than the Pythagorean Theorem?  
Pythagoras and his followers believed that all relationships to numbers could relate to and 
account for geometrical properties. Pythagoras and his supporters studied the properties of 
numbers that are familiar to us today. They studied even and odd numbers, prime numbers, and 
square numbers.  Also, Pythagoras and his supporters believed that numerical properties were 
masculine or feminine, perfect or incomplete, and beautiful or ugly. Odd numbers were known to 
be masculine while even numbers were reflected feminine because they were weaker than the 
odd numbers. Furthermore, the odd numbers were considered the master numbers, because an 
odd plus and even always produces an odd. Also, two evens can never produce and odd number, 
while two odds always produce an even number.   
Initially, Pythagoreans believed in the existence of whole numbers only; however, 
as time passed, they proved the existences of incommensurables. Incommensurables are what we 
know today as irrational numbers. Pythagoras and his followers also used patterns of dots to 
represent numbers. The resulting figures, created by the patterns of dots, are known as figure 
numbers.  For example, nine dots can be arranged in three rows with three dots per row, creating 
the picture of a square. Similarly, ten dots can be organized into four rows, containing one, two, 
three, and four dots per row so as to form a triangle. Develop from the various figure numbers, 
Pythagoras, and his followers further derived relationships between numbers. They discovered 
that a square number could be subdivided by a diagonal line, into two triangular numbers; this is 
why we can say that square numbers are always the sum of two triangular numbers.  For 
example, the square number of twenty-five is the sum of the triangular number ten and the 
triangular number fifteen.   
Unusual Proofs of the Pythagorean Theorem 
 According to the writer A. Bogomolny, there are so many unusual ways to proof 
the Pythagorean Theorem. By incorporating those unique strategies to teach it in high school, 
teachers will be able to engage and lead students to learn the Pythagorean Theorem in a 
remarkable way. For instance, one of the cited proofs makes use of the area of the big square 
KLMN is b². The square splits into four triangles and one quadrilateral: 
 
The area of the big square KLMN is b². The square divisions into one quadrilateral and four 
triangles: 
b² = Area(KLMN) 
  = Area(AKF) + Area(FLC) + Area(CMD) + Area(DNA) + Area(AFCD) 
  = y(a+x)/2 + (b-a-x)(a+y)/2 + (b-a-y)(b-x)/2 + x(b-y)/2 + c²/2 
  = [y(a+x) + b(a+y) - y(a+x) - x(b-y) - a·a + (b-a-y)b + x(b-y) + c²]/2 
  = [b(a+y) - a·a + b·b - (a+y)b + c²]/2 
  = b²/2 - a²/2 + c²/2.  ((Bogomolny, A., 2012) 
Visual model of Pythagorean Theorem 
 The following model is a visualization of the Pythagorean Theorem:  
 
3^2 + 4^2 = 5^2 
9+16=25 
25=25 
 
If you put three and four together, it will not equal five, so you can’t put the original two squares 
together, to get the big square. The best way to get the two smaller squares to fit into the big 
square when they are combined is to square the number of tiles in each.  So, three squared equals 
nine, and four squared equals sixteen, and nine plus sixteen equals twenty-five which will fit on 
the large square when combined. 
Or this one: 
 5^2+12^2=13^2 
25+144=169 
169=169 
 
If you put five and twelve together, it will not equal thirteen, so you can’t put the original two 
squares together, to get the big square. The best way to get the two smaller squares to fit into the 
big square when they are combined is to square the number of tiles in each. So, five squared 
equals twenty-five and twelve squared equals one hundred and forty-four, and twenty-five plus 
one hundred and forty-four equals one hundred and sixty-nine, which will fit on the large square 
when combined. You can use any four sided figure you want to put together and form a right 
triangle in the middle. 
Concluding Remarks 
 This record of the Pythagorean Theorem is far from a full documentation of the 
brilliant work of Pythagoras. It does, however, highlight some of the most important discoveries 
regarding this Theorem. It is imperative to note that very few mathematicians have come close 
to, or would be able to discover the ideas they have, without it. The attached lesson plan, activity, 
and presentation aim to deliver this information in a student-friendly format. Through this lesson 
plan, it is our goal that students develop an understanding not only of the Theorem itself but of 
its place in history and importance in the development of modern day mathematics. 
Lesson Plan 
Lesson Plan: Applying the Pythagorean theorem 
Grade Level: 6th - 9th Grade 
Lesson Duration: 90 Minutes 
Overview: 
This lesson allows students to experience the Pythagorean theorem through the use of a media-
rich interactive learning platform.   Through an hands-on approach, students will deduce that the 
angle classification of a triangle is determined by its side measurements.  Students will find the 
perimeter of polygons on the coordinate plane by triangulation.  They will also integrate their 
reading, writing, and mathematical skills during this learning experience.   
Objectives: Student will be able to: 
• Find the square of a number using the area of a square. 
• Find a square root of a number by using the length of the side of a square of the same 
area. 
• Discover the Pythagorean theorem using the hands-on approach. 
• Find the sides of a right triangle using the Pythagorean theorem. 
• Conclude that the Pythagorean theorem is a relationship between areas. 
• Use the Pythagorean theorem to find the right triangle and the length of an unknown side. 
Materials:  
• PowerPoint 
• Copies of a Pythagorean assignment sheet (one per student) 
• Set of calculators 
• Graphic paper or dot paper 
• Set of rulers 
• Construction Paper Triangle 
Technology Component: 
• IPAD Cart 
1. Introduction to the lesson starts with a brief lecture on the history of Pythagorean 
Theorem and right-triangle. The concepts of area and length are discussed, stressing the 
fact that the Pythagorean Theorem is fundamentally a relationship between areas. 
2. Students will watch a two minutes demo video on the Pythagorean Theorem, and students 
will then share with their partners, two facts about Pythagorean Theorem and two facts 
about two mathematicians’ proofs of the Pythagorean Theorem. They also had to discuss 
and ask each other questions about their evidence by the think-pair-share method.   
3. Write Pythagorean Theorem equation down on the Promethean board and have a 
meaningful discussion about the different parts of the theorem. Comprehensively explain 
what a, b and c means in the equation. Explain that a and b and the legs of the triangle 
while c is the hypotenuse of the triangle. 
4. The classroom formation is arranged into groups.  Each group is given four identical right 
triangles labeled with hypotenuse and legs. The students are asked to organize their 
triangles into a square with the four hypotenuses forming the perimeter of the square. 
5. Next, students are guided through the proof by being asked a series of questions about the 
arrangement of triangles. 
6. Allow 20-25 minutes for engaging discussion. Regroup the class together and call pairs 
of students to clarify how they will solve the problems. Feel free to ask open-ended 
questions (make sure you are not judging or communicating to students they are wrong or 
right.) If time is not permitted for all the problems discussion, the lesson will be extended 
to the next day for three minutes opening activity. The lesson could divide over two days. 
There are many ideas to discuss. 
Accommodation: 
• Student with specific learning disability in reading, assist the student by reading the 
directions and make sure that he or she understands. 
• For a gifted and talented student in math and reading, challenge the student with story 
problems involving right triangles and using the Pythagorean Theorem. 
• Student with attention deficit hyperactivity disorder (ADHD) and emotional disabilities, 
allow the student to work in a group setting so that the student can have a positive role 
model; in fact, teacher believes that students will stay on task better if his/her peers are on 
task. The teacher would allow the students to walk around during homework time for a 
short break. 
• At the beginning of the intermediate levels of proficiency, English Language Learners 
should be exposed to samples of completed working assignments to model the correct 
format. 
Assessments: 
• During the activity, the teacher will implement an informal evaluation by circulating 
through the classroom, asking questions, and providing feedback. 
• Exit Ticket: Students will take Quiz over Pythagorean Theorem. Only If the time permits.  
Extension: 
• Cross-Curricular Connection: In eighth-grade world history, students study ancient Greek
philosophers. Students will be able to use the succeeding websites to research Pythagoras.
They will create a slideshow presentation to present five interesting facts about the
philosopher.
Student Sample Work: 
Construction Paper Triangle or Tri-boards 
Reflection 
This project used a 9th grade Math class of twenty-six students, two of which are English 
language learners. It is a high achiever/general class setting, which is a double-coded class with 
varying ability levels. The lesson used for this project is entitled “Applying the Pythagorean 
Theorem.” In this lesson, the students examined the Pythagorean theorem to realize that in order 
to solve problems, the side measurement is critical in determining the angle measure 
classification of a triangle.  When squaring sides, they can predict whether triangles will be right, 
obtuse, or acute. Using the Internet, the students will prove the Pythagorean Theorem, and that 
will enable them to use it to solve problems. Lastly, the students will demonstrate their 
knowledge of the Pythagorean Theorem by determining the perimeter of polygons on the 
coordinate plane by triangulation. This activity utilizes reading, writing, and mathematical skills 
in an interdisciplinary format. 
At first, the activity begins with a brief lecture introducing right-triangles and the history 
of Pythagorean Theorem. The concepts of length and area are examined, stressing the fact that 
the Pythagorean Theorem is fundamentally a relationship between areas. Then, the students 
watched a demo instruction video on the Pythagorean theorem. Students then shared with their 
partners, two facts about Pythagorean Theorem and two facts about two mathematicians’ proofs 
of the Pythagorean Theorem. They also had to discuss and ask each other questions about their 
evidence using the think-pair-share method.  The teacher walked around and listened to various 
responses and at the same time poses questions to elicit conversation.  
The teacher changed questions around to make them open-ended questions. For example, 
“How do you think we are going to solve for the short side of the triangle?” One student 
responded, “the Pythagorean theorem is going to be our life jacket to save us.” The teacher then 
asked, “What makes it a life jacket to saving us?” The student’s responses made the teacher 
cleared up any misconceptions. Closed questions deny students the opportunity of meaningful 
conversation. In looking back at the video, the teacher realized that her students will also benefit 
from a lesson on open and closed responses. If they are made more aware of this, they would be 
able to stimulate discussions that would provide opportunities for meaningful practice of the 
language of math. Some of the questions asked by students were closed questions. They were 
asking questions that elicited yes or no responses. The teacher modeled open-ended questions to 
the groups she visited; however, they need more practice as students were not able to grasp the 
concept fully.  
The teacher made sure to visit her English language learner’s (ELL) student group. She 
placed them in the same small group for easy access. During one of her visits to their group, she 
noticed they were struggling with some words. So, she read the directions and the problem to 
assist with vocabulary comprehension. Also, she posed simple questions about the arrangement 
of triangles to guide them to answering the question. It is imperative that teacher’s repeat phrases 
and sentences so that ELLs can fully comprehend what is being said.  Looking back at the video, 
she could see the “light bulb” come on for them as she repeated the sentences.  
Discourse analysis has helped the teacher to look for recurring patterns in her questioning 
style. By analyzing how particular questions impacted her students’ responses, she made 
necessary changes, and she is now asking more challenging and thought-provoking questions to 
promote active and meaningful dialogue.	For this reason, the final activity was designed to be 
independent group practice that will enable her to observe how well the students understood the 
main ideas covered in the lesson. It had them complete some procedural problems using the 
Pythagorean Theorem. Students will be giving problems that they need to apply relevant 
properties that they learned in the lesson. There was a representation of practice problem that 
appropriately dealt with everything that was covered, which give the teacher a reasonably 
accurate assessment of their knowledge. Along with the discussions during class allowed the 
teacher to assess the levels of understanding for each student.	
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Number Patterns 
Abstract 
In this manuscript, we study the purpose of number patterns, a brief history of number 
patterns, and classroom uses for number patterns and magic squares.  We investigate and 
summarize number patterns and magic squares in various charts: 6 x 6, 7 x 7, 13 x 13, 21 x 21, 
and 37 x 37.  The results are established by each number pattern along with narrative conjectures 
about primes and multiples of six from each pattern.  Numerical charting examples are provided 
as an illustration of the theoretical results.  
A Brief History of Number Patterns 
Recognizing number patterns is a vital problem-solving skill. As noted by the Annenburg 
Foundation, “If you see a pattern when you look systematically at specific examples, you can use 
that pattern to generalize what you see into a broader solution to a problem” (Annenburg 
Foundation, 2016). Understanding number patterns are necessary so that students of all ages can 
appropriately identify and understand various types of patterns and functional relationships. 
Furthermore, number pattern awareness allows one to use patterns and models to analyze the 
change in both real and abstract contexts. The Common Core State Standards state that 
“mathematically proficient students look closely and discern a pattern or structure” (CCSS, 
2015). In addition to the Common Core State Standards, the National Council of Teachers of 
Mathematics states that “In prekindergarten through grade 2 all students should use multiple 
models to develop initial understandings of place value and the base-ten number system” 
(NCTM, 2015).  
How can number sense and number pattern awareness be developed and or enhanced 
upon? A hundreds chart can be used to provide students with a framework for thinking about the 
base ten number system; it allows students to develop a mental model of the number system. 
Utilizing a hundreds chart will provide students with the opportunity to look for and make sense 
of number patterns and structure within the base ten number system. Furthermore, the familiarity 
with a hundreds chart will also build upon a student’s sense of number patterns and awareness, 
and, therefore, lead to computational flexibility and fluency. A hundreds chart can be used for a 
variety of activities. Using a hundreds chart, students can look for number patterns, they can 
brush up on their addition and subtraction facts, they can build their multiplication sense, they 
can broaden their knowledge of fractions and decimals and enhance their logical and strategic 
thinking skills (Gaskins, 2008).  
A Brief History of Magic Squares 
One of the oldest and most revered puzzles of all time is the magic square puzzle. A 
magic square is formed by arranging consecutive numbers in a square so that the rows, columns, 
and diagonals add equally. For example, a 3x3 magic square could arrange with the numbers 1 
through 9 so each row, column, and diagonal adds to 15: 
8 1 6 
3 5 7 
4 9 2 
There are several other ways to array the numbers in each of the nine cells to create a 3x3 
magic square. Given the task of arranging consecutive numbers in a pattern so that the rows and 
15
15 15 15
15
15
15
15
columns form an equal sum, one can add the consecutive numbers and divide by the number of 
columns or rows. In the example above, 9 + 8 + 7 + 6 + 5 + 4 + 3 + 2 + 1 = 45 / 3 = 15 are the 
sum of the rows, columns, and diagonals in the magic square. It can be an exercise to the student 
– if the student can determine the sum established on the number of rows and columns in the
square, he or she can arrange consecutive numbers in the square appropriately. The larger the 
square, the more cumbersome this methodology becomes, which is why mathematicians have 
created the following formula: 
In the above formula, n symbolizes the number of rows and columns. If we continue to 
use the example of a 3 x 3 square, the formula would simplify to (3(32 + 1) / 2) = 15. 
Understandably, the larger n becomes larger than the sum, thus creating possible arrangements 
throughout the square (Magic Squares - What are they). 
The origin of the magic square can be traced back to 2800 B.C. Chinese Literature and 
the legend of “Lo Shu” which can be translated to the scroll of the River Lo. The legend tells the 
story of a flood that destroyed the land. The people of the city believed that offering a sacrifice to 
the river god would calm his anger and keep him from causing further destruction; however the 
river god continued to flood the land. The legend states that a turtle would emerge from the river 
after every flood and walk around the sacrifice. After this had happened several times, a child 
noticed a unique pattern on the turtle’s shell. This pattern, which 
can be seen in the figure to the right, told the people how many 
sacrifices to make for the river god to calm the waters – fifteen. 
Other accounts of this tale state that it was the great Emperor Yu 
who was the one to notice this pattern –whoever it was is unclear, but each account does state 
that the fifteen sacrifices pleased the river god, and the flooding was ceased (Magic Squares - 
What are they). 
Early Chinese culture is rich with the usage of magic squares, including astrology, 
divination, philosophy, natural phenomena, and human behavior. Magic squares and their uses in 
various areas of study traveled from China to other parts of Asia and Europe throughout ancient 
civilization. Its history is rich, and the square has journeyed a long period.  Some of its greatest 
achievements in India’s history include Varahamihira, who used a fourth-order magic square to 
specify recipes for making perfumes that allowed him to see into the future; and the doctor 
Vrnda, who claimed the magic square helped him develop a means to ease childbirth (Anderson). 
The ancient Arabic description for magic squares, wafq ala’dad, means “harmonious 
disposition of the numbers.”  The idea is exemplified by Camman, who speaks of the spiritual 
importance of these magical puzzles:  
“If magic squares were, in general, small models of the Universe, now they could be 
viewed as symbolic representations of Life in a process of constant flux, constantly being 
renewed through contact with a divine source at the center of the cosmos.” (Prussin 1986, 
p. 75)  
Much of ancient history reveals continued to awe and reverence for the magic square – 
Ancient artifacts from Africa to Asia show that the magic square became interwoven into 
cultural artifacts, appearing on antique porcelains and sculptures, even in the design and building 
of homes (Anderson). 
It continued throughout history until the seventeenth century, when French aristocrat 
Antoine de la Loubere began to study the mathematical theory behind the construction of magic 
squares. In 1686, Adamas Kochansky created a three-dimensional magic square. Today, magic 
squares are examined about factor analysis, combinational mathematics, matrices, modular 
arithmetic, and geometry (Anderson). 
 
6 x 6 Chart – Number Pattern 
During number pattern observation, it is highlighted that number patterns are evident. These are 
some indication: 
 
 
i. 2nd, 4th, and 6th columns are all divisible rule of 2 and multiples of 4, which 
indicates the multiple of 4 table.  
ii. The table shows multiple of 6, which displays the last column numbers that are 
divisible by 6 and multiples of 6. 
iii. The 3rd column numbers are divisible by 3, which is indicated in black. 
iv. 1st, 3rd, and 5th columns are odd numbers, also the 2nd, 4th, and 6th columns are 
even numbers. 
v. Each number arrangement shows the columns are increasing by 6.  
vi. The table shows numbers are prime numbers on the 6 x 6 chart. 
 
6 x 6 Chart – Number Pattern 
 
  
 
 
 
During number pattern diagonal observation, looking at highlighted ray lines we can see patterns 
arrays: 
vii. Looking at the above chart, the corners of the number arrangements on opposite 
ends, we can see a pattern of the sum of 37. For example, 6 + 31 = 37 and 1 + 36 
= 37.  
viii. Using orange ray lines in Figure 2, the diagonal will display a formula of n + 5. 
This pattern increased by five from top right to bottom left. For example, if we 
use n = 5, then the formula n + 5 is 5 + 5 = 10, which makes the next diagonal 
number arrangement 10. The pattern is the same for all diagonal numbers from 
1 2 3 4 5 6 
7 8 9 10 11 12 
13 14 15 16 17 18 
19 20 21 22 23 24 
25 26 27 28 29 30 
31 32 33 34 35 36 
top right to bottom left. However, if we reverse the indicated orange ray line, 
then we can see different formula n – 5 using the integer rule. The diagonal going 
upward from bottom left to right shows another pattern arrangement. If n = 13, 
then 13 – 5 = 7, which is the next diagonal number arrangement. The orange 
arrow indicates the pattern formulas n + 5 and n – 5; in fact, we can use it to 
demonstrate integer rules in a pattern observation. 
ix. Looking at the above chart, the indicated blue arrow going diagonally will 
display a formula of n + 7 and n – 7, which demonstrate integer rules patterns 
observation. For example, if we use n = 36, then the formula 36 – 7 decrease by 
seven from going upward from bottom right to top left. The sum of the next 
diagonal number from top left to bottom right is 29. Also, if n = 13, then 13 + 7 = 
20, which is the next diagonal number arrangement increased by 7. The pattern is 
the same for all diagonal numbers from top left to bottom right. 
6 x 6 Chart – Magic Square 
 
 
During number pattern observation, looking at the magic square we can see patterns arrays: 
 
x. All rows, columns, and diagonals must add up to the magic square constant of 
111 for a 6x6 board. The formula is 𝑛 𝑛! + 1 /2.  
The solution is ! !!!!! , ! !"! , !!!! , 111. 
 
7 x 7 Number Patterns 
 
 
7 x 7 Chart - Observations of the Number Patterns: 
 
 
i. The values in the 7th (and last) column are all multiples of 7 and divisible by 7. 
 
ii. The columns headed by an odd number alternate odd and even numbers until it reaches 
the bottom; the columns headed by an even number are exactly the opposite, alternating 
even and odd numbers until the bottom listed number. 
 
iii. In each column, the numbers are increasing by seven from top to bottom. 
 
iv. The table shows prime numbers in the 7x7. 
v. The diagonal going from bottom left to the upper right is n-6, upper right to lower left 
n+6, The diagonal going from lower right to upper left is n-8, upper left to lower right is 
n+8. 
vi. There is a congruency in the sum of the numbers at opposite ends of the grid:1+49=50 
and 7+43=50. 
 
 
 
7 x 7 Chart – Observation of the Magic Square: 
 
 
vii. For a 7x7 grid, all rows, diagonals, and columns must add up to the magic number of 
175; formula 𝑛 𝑛! + 1 /2. The solution is ! !!!!! , ! !"! , !"#! , 175. 
viii. As noted with highlighting, every 7 numbers follows a diagonal pattern. 
 
13 x 13 Chart - Number Patterns 
 The number 13 is unique in many ways, aside from being a very significant number and 
the seventh odd number.  The number 13 it is also a part of one of the Pythagorean triples (13, 
84, 85) (2010).  Below is a 13 x 13 chart I constructed, starting with number 1.  Given this 
information of the quantity and structure (using numbers 1 through 169, since 13x13=169), the 
conjecture would be that there is always, at least, one prime per row, and there is always, at least, 
two multiples of six per column.   
Key: 
Prime #s 
Multiple of 6 
 
1 2 3 4 5 6 7 8 9 10 11 12 13 
14 15 16 17 18 19 20 21 22 23 24 25 26 
27 28 29 30 31 32 33 34 35 36 37 38 39 
40 41 42 43 44 45 46 47 48 49 50 51 52 
53 54 55 56 57 58 59 60 61 62 63 64 65 
66 67 68 69 70 71 72 73 74 75 76 77 78 
79 80 81 82 83 84 85 86 87 88 89 90 91 
92 93 94 95 96 97 98 99 100 101 102 103 104 
105 106 107 108 109 110 111 112 113 114 115 116 117 
118 119 120 121 122 123 124 125 126 127 128 129 130 
131 132 133 134 135 136 137 138 139 140 141 142 143 
144 145 146 147 148 149 150 151 152 153 154 155 156 
157 158 159 160 161 162 163 164 165 166 167 168 169 
             
  
Moreover, I have identified the prime numbers (pink) and multiples of six (blue).  From 
the 13x13 chart, one can recognize that there are a few patterns throughout.  For instance, there is 
a diagonal pattern with the numbers 66, 54, 42, 30, 18, and 6 since they are divisible by six and 
increase in odd increments when divided: 11, 9, 7, 5, 3, and 1.  A similar pattern takes place in 
the first column row 12; beginning with 144, then 132 all the way to 24 and 12.  This diagonal 
pattern also has multiples of six, but they are in increments of 12 (144/6=24, 132/6=22,… 
24/6=4, and 12/6=2) and decreases by two every time.  There is an additional correlation with 
the numbers 1, 13, and 169 in three corners of the chart as skew-related cells.  Furthermore, two 
Pythagorean triangles were identified in the first row, using numbers: 3, 4, 5 and 5, 12, 13. 
 In 1963, Simon de la Loub’ere (1642-1729), a mathematician, recognized an algorithm to 
construct an odd order square. The pattern began with 1 in the central lower cell, and then 
continues diagonally upward to the right in the next column.  The next digit, 3, is placed 
diagonally downward to the right of 2, and this continues for 3, 4, 5, 6, and 7.  The remarkable 
chart below for the 13x13 pattern follows this format and can lucidly see the patterns of sequence 
organized in an arrangement of colors (Danesi).    
 
  
Another mastermind puzzlist, who was a prison inmate at the time, created a 13x13 
magic square with 11x11 and 3x3 nested inside.  The Journal of Recreational Mathematics 
published this piece noting that each square is exactly 10,874 smaller than the last, and every cell 
is prime (Journal, 2010).  
   
Over time, numerous varieties of patterns, including magic squares, were created as a 
spiritual power.  These influences stem from Hermetic geometry, where the illustrations 
symbolize extraterrestrial shapes.  Becoming familiar with these unique shapes and patterns, 
such as geometric shapes and the Pythagorean Theorem, can help lay a foundation that students 
will utilize in future studies.  
 
21 x 21 Chart - Number Patterns 
The number twenty-one has several significant accolades to its name. It is a Fibonacci 
number and a Harshad number, which is an integer that is divisible by the sum of its digits when 
written in that base. It is also the sum of the first six natural numbers, earning the title of a 
triangular number.  Additionally, twenty-one is and an octagonal number, a composite number, 
with its divisors being 1, 3, and 7 (all prime), and a Motzkin number (Numbermatics, 2016).  
Below is a 21 x 21 chart, starting with number 1.  Given this information of the quantity 
and structure (using numbers 1 through 441, since 21 x 21 = 441), there are several apparent 
patterns throughout this chart each, highlighted in different colors for ease of reading.  
 
21 x 21 Chart – Multiples of 6  
 
 
 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84
85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105
106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126
127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147
148 149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168
169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189
190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210
211 212 213 214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231
232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251 252
253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273
274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289 290 291 292 293 294
295 296 297 298 299 300 301 302 303 304 305 306 307 308 309 310 311 312 313 314 315
316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 331 332 333 334 335 336
337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357
358 359 360 361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378
379 380 381 382 383 384 385 386 387 388 389 390 391 392 393 394 395 396 397 398 399
400 401 402 403 404 405 406 407 408 409 410 411 412 413 414 415 416 417 418 419 420
421 422 423 424 425 426 427 428 429 430 431 432 433 434 435 436 437 438 439 440 441
In the chart above, multiples of 6 are highlighted in pink to show that in every third row, 
every other number is a multiple of 6.  
21 x 21 Chart – Prime Numbers  
 
In the chart above, prime numbers are highlighted in maroon. Although it 's challenge to 
determine a precise pattern for primes, it is interesting to note that at least each column contains, 
at least, three prime numbers, and of course, 3 is a factor of 21.  
 Additional patterns for the 21 x 21 number chart can be found below.  
 
 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84
85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105
106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126
127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147
148 149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168
169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189
190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210
211 212 213 214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231
232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251 252
253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273
274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289 290 291 292 293 294
295 296 297 298 299 300 301 302 303 304 305 306 307 308 309 310 311 312 313 314 315
316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 331 332 333 334 335 336
337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357
358 359 360 361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378
379 380 381 382 383 384 385 386 387 388 389 390 391 392 393 394 395 396 397 398 399
400 401 402 403 404 405 406 407 408 409 410 411 412 413 414 415 416 417 418 419 420
421 422 423 424 425 426 427 428 429 430 431 432 433 434 435 436 437 438 439 440 441
21 x 21 Chart – Multiples of 3 
 
21 x 21 Chart – Multiples of 6  
 
 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84
85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105
106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126
127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147
148 149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168
169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189
190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210
211 212 213 214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231
232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251 252
253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273
274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289 290 291 292 293 294
295 296 297 298 299 300 301 302 303 304 305 306 307 308 309 310 311 312 313 314 315
316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 331 332 333 334 335 336
337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357
358 359 360 361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378
379 380 381 382 383 384 385 386 387 388 389 390 391 392 393 394 395 396 397 398 399
400 401 402 403 404 405 406 407 408 409 410 411 412 413 414 415 416 417 418 419 420
421 422 423 424 425 426 427 428 429 430 431 432 433 434 435 436 437 438 439 440 441
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84
85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105
106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126
127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147
148 149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168
169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189
190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210
211 212 213 214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231
232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251 252
253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273
274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289 290 291 292 293 294
295 296 297 298 299 300 301 302 303 304 305 306 307 308 309 310 311 312 313 314 315
316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 331 332 333 334 335 336
337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357
358 359 360 361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378
379 380 381 382 383 384 385 386 387 388 389 390 391 392 393 394 395 396 397 398 399
400 401 402 403 404 405 406 407 408 409 410 411 412 413 414 415 416 417 418 419 420
421 422 423 424 425 426 427 428 429 430 431 432 433 434 435 436 437 438 439 440 441
21 x 21 Chart – Multiples of 5  
 
21 x 21 Chart – Multiples of 9  
 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84
85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105
106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126
127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147
148 149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168
169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189
190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210
211 212 213 214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231
232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251 252
253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273
274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289 290 291 292 293 294
295 296 297 298 299 300 301 302 303 304 305 306 307 308 309 310 311 312 313 314 315
316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 331 332 333 334 335 336
337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357
358 359 360 361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378
379 380 381 382 383 384 385 386 387 388 389 390 391 392 393 394 395 396 397 398 399
400 401 402 403 404 405 406 407 408 409 410 411 412 413 414 415 416 417 418 419 420
421 422 423 424 425 426 427 428 429 430 431 432 433 434 435 436 437 438 439 440 441
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84
85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105
106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126
127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147
148 149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168
169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189
190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210
211 212 213 214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231
232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251 252
253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273
274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289 290 291 292 293 294
295 296 297 298 299 300 301 302 303 304 305 306 307 308 309 310 311 312 313 314 315
316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 331 332 333 334 335 336
337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357
358 359 360 361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378
379 380 381 382 383 384 385 386 387 388 389 390 391 392 393 394 395 396 397 398 399
400 401 402 403 404 405 406 407 408 409 410 411 412 413 414 415 416 417 418 419 420
421 422 423 424 425 426 427 428 429 430 431 432 433 434 435 436 437 438 439 440 441
21 x 21 Chart - Magic Square  
 
The figure above is a 21 x 21 magic square. Each of the rows, columns, and diagonals 
will add to 4,641. A magic square can be found by either adding each of the rows, columns, and 
diagonals, or by using the formula (n(n2 + 1) / 2). To create this magic square, the number 1 is 
placed in the middle of the upper column (highlighted baby blue), numbers are then “wrapped 
around” the square vertically and horizontally. If you look closely, you will see that the numbers 
1-21 are highlighted in baby blue, following a diagonal pattern. Numbers 22-42, highlighted in 
purple, also follow this pattern. In fact, every 21 numbers (43-63, 64-84, 85-105, etc.) will follow 
this exact pattern, creating a truly impressive puzzle. 
 
233 256 279 302 325 348 371 394 417 440 1 24 47 70 93 116 139 162 185 208 231
255 278 301 324 347 370 393 416 439 21 23 46 69 92 115 138 161 184 207 230 232
277 300 323 346 369 392 415 438 20 22 45 68 91 114 137 160 183 206 229 252 254
299 322 345 368 391 414 437 19 42 44 67 90 113 136 159 182 205 228 251 253 276
321 344 367 390 413 436 18 41 43 66 89 112 135 158 181 204 227 250 273 275 298
343 366 389 412 435 17 40 63 65 88 111 134 157 180 203 226 249 272 274 297 320
365 388 411 434 16 39 62 64 87 110 133 156 179 202 225 248 271 294 296 319 342
387 410 433 15 38 61 84 86 109 132 155 178 201 224 247 270 293 295 318 341 364
409 432 14 37 60 83 85 108 131 154 177 200 223 246 269 292 315 317 340 363 386
431 13 36 59 82 105 107 130 153 176 199 222 245 268 291 314 316 339 362 385 408
12 35 58 81 104 106 129 152 175 198 221 244 267 290 313 336 338 361 384 407 430
34 57 80 103 126 128 151 174 197 220 243 266 289 312 335 337 360 383 406 429 11
56 79 102 125 127 150 173 196 219 242 265 288 311 334 357 359 382 405 428 10 33
78 101 124 147 149 172 195 218 241 264 287 310 333 356 358 381 404 427 9 32 55
100 123 146 148 171 194 217 240 263 286 309 332 355 378 380 403 426 8 31 54 77
122 145 168 170 193 216 239 262 285 308 331 354 377 379 402 425 7 30 53 76 99
144 167 169 192 215 238 261 284 307 330 353 376 399 401 424 6 29 52 75 98 121
166 189 191 214 237 260 283 306 329 352 375 398 400 423 5 28 51 74 97 120 143
188 190 213 236 259 282 305 328 351 374 397 420 422 4 27 50 73 96 119 142 165
210 212 235 258 281 304 327 350 373 396 419 421 3 26 49 72 95 118 141 164 187
211 234 257 280 303 326 349 372 395 418 441 2 25 48 71 94 117 140 163 186 209
37 x 37 Chart - Number Patterns 
The pattern of 37 will fill out with 1369 boxes since it’s consists of 37 by 37 or n by n 
table. One of the advantages of analyzing number patterns is that often it is possible to see a 
small part of it.  
 
 There are few easy patterns to find out on the 37 by 37 table. The first one is that the right 
diagonal is increased by 36 from 1 until 1369. For instance, (37 + 36 = 73, 73 + 36 = 109, 1297 + 
36 = 1333). On the other hand, the left diagonal is augmented by 38. For example, (1 + 38 = 39, 
39 + 38 = 77, 1331 + 38 = 1369). Also, it is possible to notice that subtracting any number 
starting from the second row from the previous one the result will always be  37. For instance, 
(38 – 1 = 37, 704 – 667 = 37, 1060 – 1023 = 37, 962 – 925 = 37, 1369 – 1332 = 37). Also, the 
third row is equal to the multiplication of the second row minus the first row. Row3 = R2 x 2 – 
R1: (79 = 42 x 2 – 5, 99 = 62 x 2 – 25, 111 = 74 x 2 – 37) 
According to the author Chris K. Caldwell (2015), there are plenty conjectures related to 
prime number. One of them says that every even n > 2 is the sum of two primes which comes 
from the mathematician Goldbach’s work. Back in 1742, Goldback sends a mathematical proof 
in a letter to Euler suggesting that every integer n > 5 is equal to the sum of three prime’s 
numbers. After Euler analyzing his friend proposal, he found out that every even number greater 
than two is equal to the sum of two prime numbers. Also, another important prime conjecture is 
more familiar. In fact, there are infinitely many twin primes such as “the sum of the reciprocals 
of the twin primes converges, as so the sum B = (1/3 + 1/5) + (1/5 + 1/7) + (1/11 + 1/13) + (1/17 
+ 1/19) + is Brun's constant.”  
 
The conjecture formula above proved that there are about twin primes less than or equal 
to x, and it also shows that there is an infinite product of the twin primes constants (Caldwell, C. 
K., 2015). 
 The following activity created by “The Hong Kong Academy for Gifted 
Students,” can be used to teach the conceptions of prime numbers along with the conjectures of 
multiples of six. 
Present the statement to pupils in either of the following ways: 
“All prime numbers greater than three can be expressed in the form 6n + 1, 6n – 1, 
where n is a positive whole number.”  
“Every prime number greater than 3 is either one more than or one more than a multiple 
of 6.” 
 
Give the students some time to investigate the above statement (preferably using Excel) 
and encourage them to come up with a proof of this proposition. 
 
The results show that: 
(i) All prime numbers so far tested (apart from a and 3) lie either in the 6n + 1 column or 
the 6n – 1 column.  There are no primes in the other columns. 
(ii) There are, however, non-primes in the 6n + 1 column and the 6n – 1 column. 
So far all we can see is that some examples fit the conjecture. We have not yet proved 
that all primes fit the conjecture. It would take forever! 
Suggested proof: 
Star by noticing that every whole number can be expressed in the form 6n – 2, 6n -1, 6n 
+1, 6n +2, and 6n + 3. Then, notice the following facts: 
(i) 6n is always divisible by 6, for all values of n (so none of the numbers in this column 
can be prime). 
(ii) 6n – 2 is always divisible by 2, for all values of n (so none of the numbers in this 
column can be prime either, except two itself). 
(iii) The same is true of 6n + 2. 
(iv) 6n + 3 is always divisible by 3, for all values of n (so none of the numbers in this 
column can be prime, except three itself). So, all the primes greater than three must lie in 
the 6n – 1 and 6n + 1 columns. (The Hong Kong Academy for Gifted Students, 2003). 
University of Tennessee-Martin Professor Chris Caldwell wrote that he (along with a friend 
using MATLAB (computer programming language)) found every prime number over three lies 
next to a number divisible by six. After testing 1,000,000 prime numbers, take n >3 and divide it 
by 6n = 6q + r where q is a non-negative integer and the remainder r is one of 0, 1, 2, 3, 4, or 5. 
• If the remainder is 0, 2 or 4, then the number n is divisible by 2, and cannot be prime. 
• If the remainder is 3, then the number n is divisible by 3, and cannot be prime. 
So if n is prime, then the remainder r is either 
• 1   (and   n = 6q + 1   is one more than a multiple of six), or 
• 5   (and   n = 6q + 5 = 6(q+1) - 1   is one less than a multiple of six). 
Remember that being one more or less than a multiple of six does not make a number prime.  We 
have only shown that all primes other than 2 and 3 (which divide 6) have this form. 
Classroom Uses for Number Patterns 
 The hundreds chart can be used in a variety of ways in a math class. As a result, 
we have noticed that the other number charts are not better for teaching students of all age simple 
but complex math pattern. Furthermore, a hundreds chart helps students see patterns with 
numbers. The hundreds chart can also be used to help students with many number sense related 
activities, as compared to each of the four mathematical operations of addition, subtraction, 
multiplication, and division.  In the 10x10 hundred chart, the numbers 1-100 are arranged in ten 
columns and ten rows.  Within the columns and rows of the 10 x 10 hundred chart, there are 
several patterns in the chart, which can be identified. In looking at a 10 x 10 hundred chart, many 
number patterns that are evident.  Not only are there many patterns that are evident in the 10 x 10 
hundred chart, but there is also a basic pattern (a formula) for the basic 10 x 10 hundred charts 
(square). The number patterns that are present in a 10 x 10 hundred chart lend themselves to a 
learning tool for students of all ages.  
Magic squares are proving to be an ideal tool for the effective illustration of many 
mathematical concepts. In fact, simple Arithmetic, which would stem from summing the 
numbers in the rows, columns, and diagonals, to Algebra and Geometry with the application of 
the formula mentioned in the first section of this paper (Anderson) here are many ways to 
incorporate magic squares to help teach students math. Consider a few important things when 
adapting magic squares for the classroom.  
It is imperative to make sure the students understand a method of determining the 
placement of numerals in any size magic cell – this can be done by providing students with an 
example first – perhaps a 3 x 3 or 4 x 4 magic square. When providing the example, point out 
how the numbers in the squares add to the same number in every direction. To make this more 
concrete to the student, the instructor could provide a second example that uses the same square, 
but with one or more cells missing. Students could then either find the missing consecutive 
number (arithmetic) or create a formula to find the missing number that would make the “magic” 
happen. For an illustration of this, see the example below.  
8 1 6 
3 5 7 
4 9 2 
 
16 2  
6 10  
 18 4 
Note:	Introduce	the	lesson	by	displaying	a	full	3	x	3	magic	
square	–	point	out	the	sum	of	the	rows,	columns,	and	
diagonals	is	15.	Also	introduce	the	formula	M	=	n(n2	+	1)	
/2	to	show	that	the	magic	number	is	15.	
Note:	Use	progression	by	starting	to	block	out	the	cells.	
You	can	use	the	same	number,	or	double	or	triple	the	
number.	In	this	example,	the	numbers	are	doubled.	Ask	
students	to	fill	in	the	missing	numbers.	They	should	be	
able	to	point	out	that	M	is	30,	and	proceed	to	fill	in	the	
missing	numbers	from	there.	Circulate	and	provide	
guidance	if	necessary.	
 After completing this exercise with students, lead students to develop an understanding of a 
method of constructing a magic square by attempting to create one of their own. Some examples 
of exercises for the classroom are listed: 
Exercise 1: Draw a 3 by 3 grid, and without any clues, see if the students can fill in the 
numbers 1 to 9 so that the result is a magic square.  If you want to give a hint; put the number 
5 in the middle.   
 
Exercise 2: Look at your final result from the last magic square; now have the students 
square every number in the square. Is the square still magic? Yes! Be sure to ask students 
why to ensure they understand this. Use a simple formula, like x + 3 = 8 – students will say 
that x = 5. Now double the numbers – 2x + 6 = 16 – students will still say that x = 5.. Finally, 
show them the formula M = n(n2 + 1)/2 and use any number for n, then ask them to square n 
and complete the formula again. The result should be M2! 
 
Exercise 3: To begin, refer back to the first example, the 3 x 3 magic square. In this square, 
the middle number is 5 and is in the center of the square. Ask students to try putting another 
number in the center. After some time, it will be discovered that no other number will work 
in the center position. Therefore, it can be concluded that because 5 is the median number, it 
must be placed in the center position with a greater and lesser number on either side.  
For this exercise, provide the students with nine prime numbers: 1, 7, 13, 31, 37, 43, 61, 67, 
and 73.  Can these numbers be arranged into a magic square? Be sure to remind students the 
key to arranging the numbers correctly in any magic square is to realize that the middle 
number (in this case, 37) must always go in the center.  
67    1   43 
13   37   61 
31   73   7 
 
Exercise 4: Another activity could be a 3 x 3 Magic Square: write all the number 1-9 on 
small squares of paper and cut them out; move the numbers to the spaces so the sum of each 
row, column, and main diagonal equals 15 and have the students record their work.  You can 
challenge them by asking if there is more than one way to place the numbers to that the sums 
of each row, column, and main diagonal equals 15—have them compare with other students! 
 
Exercise 5: A 5 x 5 Magic Square:  write all the number 1-25 on small squares of paper and 
cut them out; move the numbers to the spaces so the sum of each row, column, and main 
diagonal equals 65 and have the students record their work.   
 
 The key to the mastery of this concept is building a solid foundation for students to work. 
By demonstrating the mathematical concept you are trying to get students to comprehend in an 
artless manner first, you are creating a bridge into the understanding of more complicated 
mathematical concepts, like the magic square. Starting small and taking the time to ask why, 
explain concepts, and demonstrate why the square is magic will allow you and your students to 
grasp fully the magical properties of this phenomenal concept (Anderson). 
Closing Remarks 
Numerical patterns are just the beginning of the acknowledgement of the importance of 
mathematics in one’s everyday life. Through careful observation and conjecture we have found 
that numerous patterns in both number charts and magic squares. These observations can be 
passed along to students beginning at an early age – both allowing them to deepen their 
knowledge of the number system, and develop an awareness for patterns and puzzles in the study 
of mathematics. It is our hope that the teaching of numerical patterns to elementary age children 
will also develop a love of the beauty and presence of mathematics in our everyday lives. 
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FAMTE Mathematics Teacher Educator of the Year Award 
Revised 1/18/16 
FAMTE’s MATHEMATICS TEACHER EDUCATOR OF THE YEAR AWARD 
The Board of Directors of the Florida Association of Mathematics Teacher Educators (FAMTE) has established the 
Mathematics Teacher Educator of the Year Award. The Award will be given on an annual basis with 
recognition of the recipient at the annual meeting of FAMTE during the Florida Council of Teachers of 
Mathematics (FCTM) annual conference. The purpose of this award is to recognize excellence in the areas of 
teaching, research and service. 
Eligibility 
All mathematics educators who have been employed in a public or private university in the State of Florida for the 
past two consecutive years and who are members of FAMTE are eligible to apply. Applicants must not have 
received this award within the past 3 years prior to their application.  
Criteria 
Nominations are invited that highlight a nominee’s involvement at the university, state, and national levels 
regarding teaching, research, and service. Examples of contributions within each area are included below. 
Teaching: For example… 
a. Implementation of effective and innovative teaching practices
b. Demonstration of innovative teaching methods (e.g. publications, materials, video)
c. Recipient of awards in teaching from department, college, university, state, and/or national entities
d. Support of doctoral student development
e. Textbook authorship
Service: For example… 
a. Active participation in advancing the development and improvement of mathematics teacher education (e.g.,
membership and leadership roles in state, national, and international organizations) 
b. Unusual commitment to the support of mathematics teachers in the filed (e.g., distinctive mentoring experiences)
c. Participation in editorial boards and/or editorial review of journal manuscripts
Scholarship: For example… 
a. Dissemination of research findings offering unique perspectives on the preparation or professional development
of mathematics teachers 
b. Publications useful in the preparation or continuing professional development of mathematics teachers
c. Acquisition of state and/or nationally funded training and/or research grants
d. Contribution of theoretical perspectives that have pushed the field of mathematics education forward
e. Recipient of awards in research from department, college, university, state, and/or national entities
Required Documentation (Maximum of 3 items) 
1. A current vita of the nominee
2. A letter of nomination from a FAMTE member documenting evidence related to the indicated criteria that
supports the nomination. 
3. An (one) additional letter of support from an individual active in the educational community (or individuals if
letter is co-authored) knowledgeable of the nominee’s contributions to mathematics education. 
Nomination Process/Deadline:  No self-nominations will be accepted. The nomination materials should be sent to 
FAMTE president, Angie Su at shuifang@gmail.com. Complete nomination packets should be submitted by Friday, 
October 4, 2016. 
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Revised 1/18/16 
FAMTE’s DOCTORAL STUDENT OF THE YEAR AWARD 
The Board of Directors of the Florida Association of Mathematics Teacher Educators (FAMTE) has 
established the Doctoral Student of the Year Award. The Award will be given on an annual basis with 
recognition of the recipient at the annual meeting of FAMTE during the Florida Council of Teachers of 
Mathematics (FCTM) annual conference. The purpose of this award is to acknowledge a mathematics 
education doctoral student who has shown active involvement in mathematics education at the university, 
state, and/or national level and who shows potential for success in the field across the areas of teaching, 
research and service. 
Eligibility 
All mathematics education doctoral students enrolled in a public or private university in the State of Florida 
in good academic standing and who are members of FAMTE are eligible for the award. Applicants must not 
have received this award within the past 2 years prior to their application. Nominees must be enrolled in a 
doctoral program at the time the award is given.  
Criteria 
Nominations are invited that highlight a nominee’s involvement at the university, state or national level in 
regards to: 
Teaching: For example… 
a. Supervised planning and teaching of undergraduate students
b. Preparation and delivery of professional development sessions
c. Assistance to faculty delivery of courses
Service: For example… 
a. Membership in state and/or national professional organizations
b. Committee participation and/or leadership in state and/or national professional organizations
c. Participation in editorial review of journal manuscripts or other significant documents
Scholarship: For example… 
a. Collaboration on one or more research projects with peers and/or faculty
b. Dissemination of research or practitioner-oriented data in journals
c. Dissemination of research or practitioner-oriented data via conference presentations
Required Documentation (Maximum of 3 items) 
1. A current vita of the nominee (specifically indicating institution and doctoral advisor or committee chair)
2. A letter of nomination from a FAMTE member documenting evidence related to the indicated criteria that
supports the nomination. 
3. An (one) additional letter of support from an individual active in the educational community (or
individuals if letter is co-authored) knowledgeable of the nominee’s contributions to mathematics 
education.  
Nomination Process/Deadline 
No self-nominations will be accepted. The nomination materials should be sent to FAMTE president, Angie 
Su at shuifang@gmail.com. Complete nomination packets should be submitted by Friday, October 4, 2016. 
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Florida Associaiton of Mathematics Teacher Educators
Membership Application 
(Individual or Affiliate Group) 
Florida Association of Mathematics Teacher Educators (FAMTE) – Check membership
option and amount.  
__________ One Year Membership - $25.00 
__________ Two Year Membership - $45.00 
__________ Five Year Membership - $100.00 
Write your check for the appropriate amount, payable to FAMTE, and mail the check
and this form to: 
Angie Su
FAMTE Membership
2150 Areca Palm Road
Boca Raton, FL 33432-7994
Please complete the following; help us keep our records up to date. 
NAME 
MAILING ADDRESS 
CITY STATE ZIP 
PREFERRED TELEPHONE NUMBER 
PREFERRED EMAIL 
UNIVERSITY / ORGANIZATION
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Transformations
c/o Angie Su,
2150 Areca Palm Road,
Boca Raton, FL 33432
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